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(57) ABSTRACT 

The present invention relates to an occlusion device (1) 
consisting of a braiding (2) of thin wires or threads (4) which 
is given a suitable form in a molding and heat treatment 
procedure. The occlusion device (1) has a proximal retention 
area (6) and a distal retention area (8), whereby the ends of 
the wires or threads (4) converge into a holder (5) in distal 
retention area (8). A cylindrical crosspiece (10) is further 
more disposed between the proximal and distal retention 
areas (6, 8). With the objective of providing an occlusion 
device which positions as flat as possible against the septum 
at the proximal side of a septal defect in the inserted state, 
the invention provides for the proximal retention area (6) of 
the braiding (2) to exhibit a completely closed proximal wall 
(112) disposed with a continuous Surface at the proximal end 
of the occlusion device (1) which forms the proximal end 
(12) of said occlusion device (1). 
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OCCLUSION DEVICE AND METHOD FOR ITS 
MANUFACTURE 

0001. The present invention relates to an occlusion 
device consisting of a holder and a braiding of thin wires or 
threads given a suitable form by means of a molding and 
heat treatment procedure, whereby the occlusion device has 
a proximal retention area and a distal retention area, wherein 
the ends of the wires converge into a holder in the distal 
retention area, and a cylindrical crosspiece interposed 
between the proximal and distal retention areas, whereby the 
two retention areas are positioned on the two sides of a shunt 
to be occluded in a septum, usually by way of an intravas 
cular Surgical procedure, while the crosspiece transverses 
the shunt. The invention moreover relates to a method for 
manufacturing said occlusion device. 
0002 Medical technology has long endeavored to be able 
to occlude septal defects, for instance atrial septal defects, 
with non-Surgical transvenous catheter intervention, in other 
words, without having to perform an operation in the literal 
sense. Various different occlusion systems have been pro 
posed, each with their own advantages and disadvantages, 
without any one specific occlusion system having yet 
become widely accepted. In making reference to these 
different systems, the following will use the terms 
“occluder' or “occlusion device.” 

0003. In all interventional occlusion systems, a self 
expanding umbrella system is introduced transvenously into 
a defect to be occluded in a septum. This type of system 
might comprise two umbrellas; one positioned at the distal 
side of the septum, for example (i.e. the side farthest from 
the median plane of the body/heart), and one at the proximal 
side of the septum (i.e. the side closer to the median plane 
of the body), whereby the two umbrella prostheses are 
subsequently fitted into a double umbrella in the septal 
defect. Thus, in the assembled State, the occlusion system 
usually consists of two fixed umbrellas connected to one 
another by means of a short peg which passes through the 
defect. 

0004. However, a disadvantage to such known prior art 
occlusion devices turns out to be the relatively complicated, 
difficult and complex implantation procedure. Apart from 
the complicated implantation of the occlusion system in the 
septal defect to be occluded, the umbrellas utilized are 
fundamentally Susceptible to material fatigue along with 
fragment fracture. Furthermore, thromboembolic complica 
tions are frequently to be anticipated. 

0005 With another type of occlusion device, the so 
called Lock-Clamshell umbrella system, two stainless steel, 
preferably Dacron-covered, umbrellas are provided, each 
stabilized by four arms. This type of occluder is implanted 
into the patient through a vein. However, seen as problem 
atic with the Lock-Clamshell occluder is the fact that the 
insertion instruments necessary to implant the device need to 
be of relatively large size. A further disadvantage is that 
many different occluder sizes are needed in order to cope 
with the respective proportions of the septal defects to be 
occluded. It thus turns out that the umbrellas do not flatten 
out completely in the inserted state if the length or the 
diameter of the crosspiece inserted into the defect is not of 
an optimum match. This results in incomplete endothelial 
ization. It has furthermore been shown that over a longer 
period of time, many of the systems implanted into patients 
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bodies will exhibit material fatigue and fractures in the 
metallic structures due to the Substantial mechanical 
stresses. This is especially the case given permanent tension 
between an implant and the septum. 

0006. In order to overcome these disadvantages, self 
centering occlusion devices have been developed which are 
inserted into the body of the patient and introduced into the 
septal defect to be occluded by way of a minimally-invasive 
procedure, for example using a catheter and guide wires. 
Their design is based on the principle that the occlusion 
device can be tapered to the dimensions of the insertion 
instrument and/or catheter used for the intravascular Surgical 
procedure. Such a tapered occlusion device is then intro 
duced by catheter into the septal defect to be occluded, 
respectively into the shunt of the septum defect to be 
occluded. The occluder is then discharged from the catheter, 
upon which the self-expanding umbrellas, retention discs 
respectively, Subsequently unfold against the two sides of 
the septum. The umbrellas in turn comprise fabric inserts 
made from or covered by, for example, Dacron, with which 
the defect/shunt is occluded. After a few weeks or months, 
the body's own tissue more or less completely envelops the 
implants remaining in the body. 

0007 An example of this type of self-centering occlusion 
device is known from US printed U.S. Pat. No. 5,725,552, 
which describes an occlusion device known as the “Amplatz 
occluder.” This known system will be briefly described 
below with reference to FIGS. 15a to 15c. Specifically, FIG. 
15a shows a tubular braiding known from the prior art, for 
example said US printed U.S. Pat. No. 5,725,552, as the base 
structure or starting body for manufacturing this type of 
known occlusion device, whereby each end of the tubular 
braiding needs to be held in a respective holder. FIG. 15b 
depicts a side sectional view of the right side of a known 
PFO-type occlusion device from the prior art, for example 
said US printed U.S. Pat. No. 5,725,552, with the occlusion 
device being made from a tubular braiding in accordance 
with FIG. 15a, while FIG. 15c shows a right-side sectional 
view of a further ASD-type occlusion device likewise 
known from US printed U.S. Pat. No. 5,725,552, with this 
occlusion device also being made from a tubular braiding in 
accordance with FIG. 15a. 

0008 To be understood by the term “PFO-type' as used 
herein is an occlusion device for treating a patent foramen 
ovale (PFO) while the term "ASD-type occlusion device' 
refers to an occlusion device for treating atrial septal defects. 

0009. The known occlusion devices consist of a braiding 
of a plurality of fine, intertwined nitinol wire strands in the 
shape of a yo-yo. Each braiding is manufactured in its initial 
form as a rounded braiding having loose wire ends both at 
its leading end (its proximal side, respectively) as well as at 
its trailing end (its distal side, respectively). During the 
Subsequent processing of the rounded braiding, these loose 
ends must then be gathered into a collar and welded together. 
After the appropriate processing, both the proximal side as 
well as the distal side of the finished occluder exhibit a 
protruding collar. Dacron patches are sewn into the distal 
and proximal retention umbrellas and the interposed cross 
piece. Because of the memory effect of the nitinol material 
used, the two retention umbrellas unfold by themselves upon 
exiting the catheter, initially in a balloon-like intermediate 
stage, whereby the retention umbrellas ultimately positioned 
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on the two sides of the septum eventually assume a more or 
less flattened form. The crosspiece centers itself automati 
cally into the shunt to be occluded as the umbrellas expand. 
0010 Because the collar protrudes past the proximal 
retention area of the occluder, the problem arises that the 
inserted implant causes embolic-related problems, in par 
ticular consecutive embolization. Because portions of the 
occlusion device protrude past the septum wall and are in 
continuous contact with the blood, defense system reactions 
are also a frequent occurrence. Furthermore, a complete 
endothelialization of the occluder implant is often pre 
vented. 

0.011) An occlusion device of the type indicated at the 
outset as well as a method for manufacturing Such an 
occlusion device is additionally known from WO 2005/ 
020822 A1. The occlusion device described therein essen 
tially consists of a braiding of thin wires or threads made 
from a material having shape-memory function. In the 
expanded State, the known occlusion device exhibits a 
proximal and a distal retention area as well as a cylindrical 
crosspiece interposed between the two. 

0012 Because the proximal retention area of the braiding 
exhibits a form which is open to the proximal end in this 
prior art, it basically allows the rim of the proximal retention 
area to lie flat against the septal wall when the occlusion 
device is in the inserted state while the retention area does 
not protrude beyond the septal wall. 

0013 The manufacturing process according to WO 2005/ 
020822 A1 utilizes a braiding technique which forms a 
tubular braiding open to the top, which need only be 
provided with a holder for bundling the braidings threads or 
wires on one end, while at the opposite end, the braidings 
threads or wires are intertwined from their center. It thus 
becomes possible to produce a braiding to serve as the base 
structure for the known occlusion device, whereby the 
proximal retention area of the base structure exhibits a form 
open to the proximal end. 

0014) To further define the occlusion device known from 
WO 2005/020822A1 more specifically, particular reference 
is made to FIGS. 16a to 16c. In detail, FIG. 16a shows a 
tulip or bell-shaped braiding having a distal holder known, 
for example, from WO 2005/020822A1. FIG. 16b depicts a 
sectional view of the right side of a PFO-type occlusion 
device known from WO 2005/020822 A1, whereby the 
occlusion device is made from a tubular braiding in accor 
dance with FIG. 16.a. FIG. 16c finally shows another sec 
tional view of the right side of an ASD-type occlusion device 
known from WO 2005/020822 A1, with the occlusion 
device likewise being made from a tubular braiding in 
accordance with FIG. 16a. 

0015. In the case of these occlusion devices known from 
WO 2005/020822 A1, it has proven disadvantageous for the 
braiding on the proximal end to exhibit an opening which 
needs to be spanned by, for example, a Dacron insert or a 
cloth so that the finished occlusion device will no longer be 
open at its proximal end. Producing Such an occlusion 
device necessitates quite a complex manufacturing process, 
and one which is thereby cost-intensive. Furthermore, dif 
ferent materials, namely the materials of the braiding and of 
the Dacron insert or cloth need to be force-fit to one another. 
Such joints are inherent weak points in terms of material 
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fatigue. Thus, this known type of occluder has an increased 
risk of material fatigue along with fragment fracture. It has 
furthermore been shown that Such an implanted system can 
exhibit material fatigue and fractures in the joints between 
the metallic structures and the Dacron insert after a longer 
period of time within a patient’s body, Stemming from the 
considerable mechanical stresses. This is especially the case 
when there is permanent tension between the braiding and 
the insert. 

0016. Moreover, thromboembolic complications need to 
be considered with the occlusion devices known from WO 
2005/020822 A1. While the known system enables the rim 
of the proximal retention area to lie flat against the septal 
wall and not have the retention area project beyond the 
septal wall when the occlusion device is in the inserted state, 
the proximal end of the known occlusion device neverthe 
less exhibits a manufacturing-contingent opening at the 
proximal wall axial to the crosspiece. Even if this opening 
is—as described above-closed with a Dacron insert, for 
example, the known system cannot prevent the finished 
occlusion device from having at least one remaining trough 
shaped recess or sometimes even components protruding in 
the proximal retention area of the occluder, these being at the 
very location where the opening closed with the Dacron 
insert is disposed. 

0017 Along with trough-shaped recesses and protruding 
components comes yet another problem, that of the inserted 
implant causing embolic-related problems, in particular con 
secutive embolization. These embolic-related problems arise 
especially when the patient is Suffering from So-called atrial 
fibrillation of the heart. This is a condition in which frequent 
excitation of the heart's upper chambers results in their not 
contracting. As a consequence of the left and right halves of 
the heart being deprived of contraction, the blood is inef 
fectively swirled and mixed and thrombi can form in the 
atrium. A considerable risk when atrial fibrillation causes 
thrombi to form in the atrium is that these thrombi can be 
carried along in the bloodstream and enter the arterial 
circulation. Apoplectic strokes, occurring in approximately 
5% of atrial fibrillation patients each year, are a particular 
consequence of this embolization when not chronically 
treated with so-called dicumerol, a blood anticoagulant. 
However, anticoagulating the blood with so-called 
dicumerol is also not without risks. One side effect of 
dicumerol treatment is increased bleeding Such that there are 
contraindications for this treatment for approximately 20% 
of all atrial fibrillation patients and the patients thus have to 
hazard the risk of a stroke when weighing the bleeding/ 
stroke risk. 

0018. The present invention therefore addresses the prob 
lem of refining such an occlusion device as known to 
medical technology and described in WO 2005/020822 A1 
So as to overcome the disadvantages cited above. A particu 
lar objective is the providing of an occlusion device appli 
cable to occluding defects of different sizes, whereby 
implantation of the occluder is to be a simple procedure. 
Furthermore, the occurrence of Such usual occluder compli 
cations such as dislocation, partial embolization or occluder 
material fatigue is to be reduced to the greatest extent 
possible. Above and beyond that, an occlusion device is to 
be provided which ensures occlusion of a septal defect with 
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as few portions of the occlusion device as possible protrud 
ing past the septum wall so as to avoid the associated and 
above-cited complications. 
0.019 Based on the problem as posed and starting out 
from the system as known from WO 2005/020822 A1, it is 
the task of the present invention to provide an occlusion 
device which lies as flat as possible against the septum in the 
inserted state at the proximal side of the septal defect, and 
with which the risk of material fatigue with fragment 
fracture is considerably reduced, and to do so at a lower 
manufacturing cost. The present invention moreover has the 
technical task of providing a method for manufacturing Such 
an occlusion device. 

0020. These tasks are solved in accordance with the 
invention by an occlusion device of the type specified at the 
outset having the proximal retention area of the braiding 
exhibit a completely closed proximal wall at the proximal 
end of the occlusion device with a continuous Surface 
forming the proximal end of the occlusion device. 
0021. The problem of process-engineering the present 
invention is furthermore solved by a method for manufac 
turing the above-cited occlusion device which is character 
ized by the process step of forming a ball-shaped, bulb 
shaped or teardrop-shaped hollow braiding by means of a 
braiding process known per se and by the process step of 
forming a proximal retention area and a distal retention area 
at the bundled first end, and interposing a cylindrical cross 
piece between said proximal and distal retention areas. It is 
thereby provided for the hollow braiding to be bundled at a 
first distal end and to exhibit a completely closed proximal 
wall having a continuous Surface on an opposite second 
proximal end. 

0022. To be understood by the term “proximal wall as 
used herein is that segment or region of the proximal 
retention area of the braiding at the proximal end of the 
occlusion device which forms the closure for the defect to be 
occluded on the proximal end. 
0023 The particular advantages of the invention lie in 
providing an intravascular occlusion device, especially for 
the treatment of septal defects, whereby the occluding 
device is suited to be administered by catheter to the defect 
to be occluded. Because the proximal retention area of the 
braiding has a fully closed proximal wall at the proximal end 
which exhibits a continuous Surface forming the proximal 
end of the occlusion device, a particular advantage afforded 
by the occlusion device independent of the diameter size 
to the defect to be occluded and independent of the septal 
walls thickness—is in its self-adjusting to the defect in the 
septal wall and doing so specifically that no portion of the 
occlusion device protrudes into the plane of the septal wall 
having the defect on the proximal side of the defect. In the 
inventive solution, this plane; i.e., the plane of the septal 
wall with the defect, is formed by the fully closed proximal 
wall of the occlusion device. On the other hand, the inven 
tive solution ensures that this proximal wall will contain no 
recesses or other “discontinuities” in the mathematical sense 
Such as sharp edges, kinks, etc. whatsoever, so that the usual 
associated complications, in particular as regards embolic 
related problems, can no longer occur. 

0024. Above all to be achieved is that the inserted occlu 
sion device will be fully enveloped by the body's own tissue 
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Substantially faster than is the case with the occluding 
systems known in the prior art. The further advantage of 
better mechanical stability over the long term compared to 
the systems known in the prior art is a function derived from 
using a braiding made of thin wires or threads as the starting 
material for the inventive occlusion device. This largely 
prevents fractures from occurring in the structure of the 
inserted implant. The braiding furthermore has a better 
rigidity since the entire structure is made from one material 
and without any connecting joints. 

0025 Especially due to the inventive solution being able 
to completely dispense with fabric or Dacron inserts, as is 
the case for example with the occluder system pursuant WO 
2005/020822 A, the premature development of material 
fatigue can be effectively further reduced, whereby even the 
overall manufacturing costs can be additionally lowered. 

0026. The fully closed proximal wall provided at the 
proximal retention area of the braiding additionally allows 
the proximal retention area of the device to flatten com 
pletely against the lateral edge of the defect in the inserted 
state and to specifically do so virtually independently of the 
diameter to the defect or the thickness of the septal wall. As 
a result, the occlusion device can be used for a wide range 
of differently-sized septal defects. Because there is then no 
need for a holder for the bundled or gathered braiding at the 
proximal retention area, there are also no components of the 
occlusion device to protrude beyond the septal wall which 
prevents the components of the implant from being in 
continuous contact with the blood. This yields the advantage 
of there being no threat of the body mounting any defense 
mechanism reactions or of there being any thromboembolic 
complications. 

0027. The inventive method affords the prospect of real 
izing a particularly simple manufacturing of the occlusion 
device described above. First, a ball-shaped, bulb-shaped or 
teardrop-shaped hollow braiding is formed, for example 
using a round braiding machine. The technology used here 
is one in which the configured braiding is bundled at the 
trailing end of the length of the braiding; i.e., at what will 
later be the distal end of the occlusion device, while the 
leading end of the length of the braiding; i.e., what will later 
be the proximal end of the occlusion device, is closed. It is 
thereby possible to manufacture a “bag-shaped hollow 
braiding, the bundled end of which corresponds to the distal 
end of the finished occlusion device and its opposite closed 
end the proximal end or the proximal wall of the finished 
occlusion device. Because a known braiding method is used 
to produce the occlusion device, the finished occlusion 
device exhibits mechanical properties in terms of, for 
example, expansion, stability, strength, etc., which can be 
custom-adapted to the later use of the occlusion device. In 
advantageous manner, metallic wires or even organic 
threads can be incorporated into the braiding. It goes without 
saying that the terms as used herein of “ball-shaped.'"bulb 
shaped,”“teardrop-shaped” and “bag-shaped are to respec 
tively refer to forms which have shapes comparable to a ball, 
a bulb, a teardrop or a bag. The invention is in particular not 
limited solely to an exact spherical shape, etc. 

0028. With respect to the occlusion device itself, pre 
ferred embodiments of the invention are specified in sub 
claims 2 to 10 and, with respect to the manufacturing 
process, in Subclaims 12 and 13. 
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0029. It is particularly preferred for the proximal wall of 
the occlusion device to exhibit a curved surface as the 
continuous surface. It is hereby essential that the curvature 
to this Surface have no discontinuities such as, for example, 
edges, corners, etc. With respect to the term “continuity” as 
used herein, this refers to the mathematical definition of a 
continuous Surface as known in the field of topology. For 
example, it would be conceivable for the proximal wall to 
exhibit a curved surface which in respect to the plane of the 
septal wall with the defect, has a preferably slightly concave 
curve so as to ensure a particularly good, i.e. flat and even 
fitting of the proximal wall against the septal wall. It is of 
course also conceivable that the surface of the proximal wall 
be preferably configured to be slightly convex relative the 
septal wall, this thereby achieving that the force-fit connec 
tion between the proximal wall, the peripheral area of the 
proximal wall respectively, and the septal wall at the defect 
to be occluded is particularly large So as to thus enable a 
better anchorage for the occlusion device in the defect to be 
occluded. It would also be conceivable for the outer region 
of the proximal wall to be formed with a slight concave 
which transitions into a convex form toward the middle; i.e. 
toward the position axial to the crosspiece of the occlusion 
device. This can also yield advantages, especially as regards 
anchoring the occlusion device in the defect to be occluded. 
0030) A particularly preferred realization of the latter 
embodiment in which the proximal wall of the occlusion 
device exhibits a curved surface as the continuous Surface 
provides for the curved surface to conform to the surface of 
a section of a ball-shaped, bulb-shaped or teardrop-like 
body. In other words, this means that the proximal wall of 
the occlusion device can be configured in the shape of a 
spherical cap or a segment of a teardrop, for example. Of 
course, other profiles are just as conceivable here. Of 
particular advantage is that the inventive solution basically 
allows for the optimum use of an occlusion device indepen 
dent of the type and in particular of the size of the defect to 
be occluded. 

0031. It is of particular preference for the occlusion 
device to have the braiding consist of nitinol or of another 
shape-memory material or material having memory effect. 
Such other material could conceivably be, for example, 
copper-zinc-aluminum alloys, gold-cadmium alloys or even 
ferrous alloys Such as e.g. iron-manganese-silicon alloys, or 
also plastics, all of which are characterized by their 
extremely high memory capacity. 

0032. It is particularly preferably provided for the braid 
ing of the inventive occlusion device to be formed from a 
shape-memory polymer based on, for example, a polyanhy 
dride matrix or on a polyhydroxycarboxylic acid. These are 
synthetic degradable materials which have a thermally 
induced shape-memory effect. Yet also conceivable would 
be other shape-memory polymers such as, for example, 
block copolymers as described for example in the special 
edition of Angewandte Chemie' 2002, 114, pages 2138 to 
2162, by A. Lendlein and S. Kelch. 
“Applied Chemistry 

0033. By making use of such a material, it is possible to 
utilize a bag-shaped hollow braiding which is closed at its 
one end and open and bundled at its other end for the starting 
body of the occlusion device, produced for example in a 
round braiding method. Said starting body is then Subse 
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quently brought into the desired form for the occlusion 
device by means of a molding and heat treatment procedure. 
Other treatment procedures are of course also conceivable 
here. 

0034. An advantageous further development of the latter 
described embodiment of the inventive occlusion device in 
which the braiding is made from a shape-memory material 
provides for the material to be a biodegradable shape 
memory polymer material. Synthetic biodegradable implant 
material is particularly suitable. Such degradable materials 
or polymers contain cleavable bonds under physiological 
conditions. “Biodegradableness' refers to material degraded 
by or in a biological system based on loss of mechanical 
property. Under certain conditions, the outer shape as well as 
the dimensions of the implant are preserved during this 
degradation. If one speaks of a degradation time without 
adding any additional quantifying information, this refers to 
the time it takes for the complete loss of the mechanical 
property. Biostable materials refer to those which remain 
stable in biological systems and at least partly degrade in 
same over the long term. 
0035) In the case of degradable polymers, there is a 
differentiation to be made between hydrolytically and enzy 
matically degradable polymers. Hydrolytic degradation has 
the advantage that the rate of degradation is independent of 
the implantation site since water is present everywhere. In 
contrast, local enzyme concentrations differ greatly. With 
biodegradable polymers or materials, degradation thus 
ensues from pure hydrolysis, enzymatically-induced reac 
tions or through a combination of the two. Typical hydro 
ly Zable chemical bonds are amide, esterase or acetal bonds. 
When degrading, two mechanisms can be observed. With 
Surface degradation, the hydrolysis of chemical bonds 
occurs solely on the Surface. Due to its hydrophobic nature, 
polymer degradation occurs faster than the water diffusion 
inside the material. This mechanism is above all observed 
with poly(anhydride)s or poly(orthoester)s. For the poly(hy 
droxy carboxylic acid)S Such as poly(lactic acid)S or poly 
(glucose acid)S, the corresponding copolymers respectively, 
which are of predominant importance for the shape-memory 
effect, the entire volume of the polymer will degrade. The 
element determining the rate is hereby the hydrolytic bond 
cleavage since water diffusion occurs relatively quickly in 
the rather hydrophilic polymer matrix. Crucial to the use of 
biodegradable polymers is that, on the one hand, the deg 
radation rate be controlled or variable and, on the other, that 
the products of degradation are non-toxic. 

0036) The invention claims all the afore-mentioned bio 
degradable shape-memory polymers. 

0037. It is particularly preferred in one development of 
the inventive occlusion device to have the braiding of the 
occlusion device taper to the diameter of a catheter to be 
used in the minimally-invasive Surgical procedure. The 
advantage to this embodiment is in particular to be seen in 
that the catheter system used for implantation and explan 
tation can have a considerably reduced inner diameter, 
which above all significantly increases maneuverability of 
the occlusion device to be implanted. This thus improves the 
accuracy when positioning the device in the defect to be 
occluded. In the case of an occluder made from nitinol, the 
inner diameter of the catheter to be used during implantation 
or explantation ranges between 8 to 10 Frenches, whereas in 
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the case of occlusion devices made from polymer synthetics, 
the inner diameter only need be between 6 and 8 Frenches. 
0038. With respect to the latter cited preferred embodi 
ment of the inventive solution according to which the 
braiding of the occlusion device tapers to the diameter of the 
catheter used in an intravascular Surgical procedure, a fur 
ther development provides for the proximal retention area of 
the occlusion device with its proximal wall to be configured 
Such that the proximal wall curves outward upon the occlu 
sion device expanding so as to come into position in Such 
manner with the septal wall. This reflects a particularly 
simple to realize and thereby effective way to form the 
proximal wall in the occlusion device. It is thus possible to 
form the entire occlusion device as one single piece of 
braiding so that no mechanical connecting elements are 
needed between the proximal wall and the crosspiece on the 
one hand and, on the other, the dimensions of the occlusion 
device in the folded state can be further minimized. Of 
course, other embodiments for forming the proximal wall at 
the proximal retention area are just as conceivable here. 

0039) So that the inventive occlusion device will exhibit 
the functionality of retrievability, a preferred further devel 
opment of the occlusion device provides for the distal 
retention area to exhibit a holder, preferably arranged axially 
to the crosspiece, whereby the holder has at least one 
connecting element engageable with a catheter. With this 
connecting element, which is preferably arranged on the 
distal end of the occlusion device such that it does not 
project over the distal end of the septal wall, preventing the 
components of the implant from being in continuous contact 
with the blood, explanting the occlusion device according to 
this further development becomes a simple process. A con 
necting element which can engage with a catheter mean 
while facilitates the implanting and positioning of the occlu 
sion device (folded during the implantation procedure) in the 
septal defect to be occluded. Various different mechanisms 
are conceivable as connecting elements such as engaging 
members, for example, or even hooks and/or eyelets which 
can be force-fit to the corresponding complementary-con 
figured connecting elements of a catheter. 

0040 Another advantageous further development pro 
vides for the occlusion device to be configured to be 
reversibly foldable and expandable so that the device in its 
expanded State can be folded back up again, for example 
with the aid of an explantation catheter, whereby the force-fit 
connection between the proximal wall formed at the proxi 
mal retention area, the peripheral area of the proximal wall 
respectively, and the septal wall can be disengaged. It is 
thereby conceivable during explantation for a catheter to 
engage with a connecting element at the distal end of the 
occlusion device for example, with the folding of the occlu 
sion device being effected by external manipulation aided by 
the catheter. The occlusion device is thus completely revers 
ibly retractable in the catheter, which enables the complete 
removal of the device. 

0041. The method according to the invention affords the 
prospect of realizing a particularly simple manufacturing of 
the occlusion device described above. First, a ball-shaped or 
bag-shaped hollow braiding is formed, using for example a 
round braiding machine as has already been described in the 
WO 2005/020822A1 patent application. However, a special 
braiding head is necessary to do so, which will be described 
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in greater detail below with reference to the figures. The 
technology used in particular here is one in which the 
configured braiding is bundled at the trailing end of the 
length of the braiding; i.e., at what will later be the distal end 
of the occlusion device, while the leading end of the length 
of the braiding; i.e., what will later be the proximal end of 
the occlusion device, is closed. It is thereby possible to 
produce a spherical or bag-like hollow braiding, the bundled 
end of which corresponds to the distal end of the finished 
occlusion device and the opposite closed end to the proximal 
end of the finished occlusion device. The finished occlusion 
device exhibits mechanical properties in terms of, for 
example, expansion, stability, strength, etc., which can be 
custom-adapted to the later use of the occlusion device. In 
advantageous manner, metallic wires or even organic 
threads can be incorporated into the braiding. 
0042. With respect to the method, it is preferably pro 
vided for the process step of forming the retention area and 
the crosspiece to include a procedural molding and heat 
treatment step. This is of particular advantage when the 
ball-shaped hollow braiding formed is made from nitinol or 
another material which has shape-memory properties or 
effect. Preferably provided for the inventive occlusion 
device is forming the braiding from a shape-memory poly 
mer which is based on a polyanhydride matrix or a polyhy 
droxy-carboxylic acid, for example. These are synthetic 
degradable materials which have a thermally-induced shape 
memory effect. Yet other shape-memory polymers such as 
for example block copolymers would also be conceivable. 
The essential point is that such materials can be readily and 
simply brought into their applicable final form using a 
combination of molding and heat treatment steps. A finished 
occluder can then be tapered to the dimensions of a catheter, 
for example. After exiting the catheter, the occlusion device 
then unfolds by itself and again assumes that profile to the 
ball-shaped hollow braiding to which the occlusion device 
was molded during the manufacturing process in the mold 
ing and heat treatment step. 
0043. It is preferred for the ball-shaped hollow braiding 
to be manufactured in Such a manner that the thin threads or 
wires constituting the finished braiding intertwine at the 
proximal end of said braiding when the ball-shaped hollow 
braiding is formed. This represents a conceivable and espe 
cially simple manner of producing an occlusion device in 
accordance with the present invention, the proximal reten 
tion area of which exhibits a closed, flat form to the proximal 
end (proximal Surface). Of course, other manufacturing 
methods are naturally also conceivable. 
0044) The following will make reference to the drawings 
in providing a more precise detailing of preferred embodi 
ments of the inventive occlusion device as well as of a round 
braiding machine to provide clarification of the inventive 
manufacturing method for the occlusion device by example. 

0045. Shown are: 
0046 FIG. 1 a perspective view of a preferred first 
embodiment of an occlusion device according to the present 
invention in expanded state in which only the outlined 
contour of the occlusion device is depicted; 
0047 FIG. 2 a perspective detail view of the distal 
retention area of the first embodiment of the FIG. 1 occlu 
sion device in the expanded State; 
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0048 FIG. 3 a side view of the inventive occlusion 
device shown in FIG. 2 in the expanded state; 
0049 FIG. 4 a three-dimensional view of a round braid 
ing machine to illustrate the inventive manufacturing 
method for the occlusion device; 
0050 FIG. 5 a top plan view onto the round braiding 
machine depicted in FIG. 4 to illustrate the inventive manu 
facturing method for a ball-shaped, bulb-shaped or teardrop 
shaped base braiding structure in accordance with FIGS. 
9a-9c, which can serve as a base structure for the occlusion 
device according to the present invention; 
0051 FIG. 6 a detail view of the braiding head of the 
round braiding machine depicted in FIG. 4; 
0.052 FIG. 7 an example of a braiding produced with the 
braiding head shown in FIG. 6, which can serve as the base 
structure for the occlusion device according to the present 
invention; 

0053 FIG. 8a a side view of a special braiding head for 
manufacturing a ball-shaped, bulb-shaped or teardrop 
shaped base braiding structure in accordance with FIGS. 
9a-9c, which can serve as the base structure for the occlu 
sion device according to the present invention; 
0054 FIG. 8b a sectional view of the braiding head 
according to FIG. 8a, 
0.055 FIG. 8c astereoscopic representation of the special 
braiding head used to produce a spherical braiding: 
0056 FIG. 9a a perspective representation of a base body 
for a spherical braiding constituting the initial body for the 
inventive occlusion device, whereby the base body is con 
figured in a form as close to a ball as possible; 
0057 FIG.9b a perspective representation of a base body 
for a spherical braiding Suited for producing the occlusion 
device according to the present invention and whereby the 
base body is configured to the greatest extent possible in the 
form of a bulb-shaped body; 
0.058 FIG.9c a perspective representation of a base body 
for a spherical braiding, whereby the base body is suited for 
producing the occlusion device according to the present 
invention and whereby the base body is configured in a 
teardrop-shaped form; 
0059 FIG. 10a a spherical braiding as a base body for 
different occlusion devices in accordance with the present 
invention which is produced with a special braiding method 
and which exhibits a distal holder; 

0060 FIG. 10b a sectional side view of the right side of 
an inventive PFO-type occlusion device, whereby the occlu 
sion device is made from a spherical braiding in accordance 
with FIG. 9a 

0061 FIG. 10c a sectional side view of the right side of 
an inventive ASD-type occlusion device, whereby the occlu 
sion device is made from a spherical braiding in accordance 
with FIG. 9a 

0062 FIG. 11 a sectional side view of the right side of an 
inventive PFO-type occlusion device, whereby the occlusion 
device is made from a ball-shaped, bulb-shaped or teardrop 
shaped base braiding structure in accordance with FIGS. 
9a-9C and comprises a distal holder; 
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0063 FIG. 12 a sectional side view of the right side of an 
inventive VSD-type occlusion device, whereby the occlu 
sion device is made from a ball-shaped, bulb-shaped or 
teardrop-shaped base braiding structure in accordance with 
FIGS. 9a-9C and comprises a distal holder; 
0064 FIG. 13 a sectional side view of the right side of an 
inventive ASD-type occlusion device according to the 
invention, whereby the occlusion device is made from a 
ball-shaped, bulb-shaped or teardrop-shaped base braiding 
structure in accordance with FIGS. 9a-9C and comprises a 
distal holder; 

0065 FIG. 14 a sectional side view of the right side of an 
inventive PDA-type occlusion device, whereby the occlu 
sion device is made from a ball-shaped, bulb-shaped or 
teardrop-shaped base braiding structure in accordance with 
FIGS. 9a-9C and comprises a distal holder; 
0066 FIG. 15a a tubular braiding known from the prior 

art, for example in accordance with US printed U.S. Pat. No. 
5,725,552, constituting the starting structure or base for 
manufacturing a known occlusion device, whereby the 
respective ends of the tubular braiding need to be held in a 
holder; 

0067 FIG. 15b a sectional side view of the right side of 
a PFO-type occlusion device known from the prior art, for 
example in accordance with US printed U.S. Pat. No. 
5,725,552, whereby the occlusion device is made from a 
tubular braiding in accordance with FIG. 15a, 
0068 FIG. 15c a sectional side view of the right side of 
an ASD-type occlusion device known from the prior art, for 
example in accordance with US printed U.S. Pat. No. 
5,725,552, whereby the occlusion device is made from a 
tubular braiding in accordance with FIG. 15a, 
0069 FIG. 16a a tulip-shaped or bell-shaped braiding 
having a distal holder as known from the prior art, for 
example from WO 2005/020822 A1; 
0070 FIG. 16b a sectional side view of the right side of 
a PFO-type occlusion device known from the prior art, for 
example in accordance with WO 2005/020822 A1, whereby 
the occlusion device is made from a tubular braiding in 
accordance with FIG. 16a; and 

0071 FIG. 16c a sectional side view of the right side of 
an ASD-type occlusion device known from the prior art, for 
example in accordance with WO 2005/020822 A1, whereby 
the occlusion device is made from a tubular braiding in 
accordance with FIG. 16a. 

0072 FIG. 1 shows a perspective view of a preferred first 
embodiment of the occlusion device 1 according to the 
invention in the expanded state, whereby only the outlined 
contour of occlusion device 1 is depicted in FIG. 1. FIG. 2 
shows a perspective detail view of the distal retention area 
8 of the first embodiment of the occlusion device 1 shown 
in the expanded state in FIG. 1. FIG. 3 shows a side view of 
the inventive occlusion device 1 shown in expanded State in 
FIG 2. 

0073. The occlusion device 1 essentially consists of a 
braiding 2 of thin wires or threads 4, preferable made from 
nitinol or another shape-memory material or material having 
memory effect. The braiding 2 exhibits sufficient flexibility 
such that the occlusion device 1 can be tapered to the 
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diameter of a (not explicitly shown) catheter used in an 
intravascular Surgical procedure. Because of the materials 
memory effect, the occlusion device 1 tapered as such has a 
shape-memory function Such that the device 1 self-expands 
after exiting the catheter and reassumes the predefined form 
which corresponds to its use. This normally ensues after the 
occlusive device 1 initially disposed in the catheter has been 
positioned at the location to be treated. 
0074 As especially shown in FIGS. 2 and 3, the occlu 
sion device 1 exhibits a proximal retention area 6, a distal 
retention area 8 and a cylindrical crosspiece 10 arranged 
between said proximal and distal retention areas 6, 8 in the 
expanded state. The two retention areas 6, 8 serve to occlude 
a defect or shunt in a septum. This ensues by areas 6, 8 
positioning against the two sides of the shunt to be occluded 
while the crosspiece 10 passes through the shunt. The 
occlusion device 1 according to the invention therefore 
represents an occluding system which can be introduced into 
a patient’s body and positioned at its intended location in a 
minimally-invasive procedure; i.e., using a catheter and 
guide wires, for example. 
0075. The design to the inventive occlusion device 1 is 
thereby based on the principle of having the occlusion 
device 1 taper to the dimensions of the catheter. After being 
discharged from the catheter, the retention areas 6, 8 then 
unfold by themselves, thereby positioning themselves on 
both sides of the septum. The inventive design moreover 
reflects the occlusion device 1 being a self-positioning and 
self-centering system. The crosspiece 10 thereby has the 
length of the atrial diaphragm, the septum respectively, in 
order to ensure secure placement of retention areas 6, 8 at the 
septum wall. 
0.076 Unlike conventional occlusion systems known 
from the prior art in which a self-expanding umbrella serves 
as proximal retention area 6, the proximal retention area 6 of 
the present invention has a flat covering in the form of a 
proximal wall 112 closed to the proximal end 12 such that 
no material of the implanted occlusion device 1 whatsoever 
can extend past the septum wall in the proximal area of the 
patient’s organ. The closed contouring to the proximal end 
12 of proximal retention area 6 further ensures that the rim 
of proximal retention area 6 will always lie flush with the 
septum wall. This occurs over a relatively wide area inde 
pendent of the diameter to the defect or the thickness of the 
atrial diaphragm, the septum respectively, and thereby 
allows complete endothelialization to occur relatively 
quickly after the occlusion device 1 has been implanted and 
precludes any possible defense mechanism reactions from 
the patient’s body since the blood is effectively prevented 
from coming into contact with the material of implant 1. 
0.077 Because of the self-expanding property to implant 
1 based on the memory effect of the material used, the 
occlusion device 1 according to the invention exhibits a 
self-centering function in the shunt or the septal defect. The 
occlusion device 1 can furthermore be retracted at any time 
up to the uncoupling of the guide wires of the insertion 
instrument. 

0078. The occlusion device 1 according to the invention 
can of course furthermore comprise fabric inserts, which are 
not explicitly shown in the present drawings, the principle 
behind which is known from the prior art. Such fabric inserts 
consist mostly of Dacron material. Chemically speaking, 
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Dacron is a polyethylene terephthalate polyester, obtained 
by polycondensating ethylene glycol and terephthalic acid— 
dimethyl ester. It is hereby conceivable to incorporate the 
fabric inserts within the interior of crosspiece 10 or at the 
proximal end 12 of retention area 6 in order to be able to 
fully occlude the defect or the shunt in the septum wall. The 
fabric inserts can be incorporated by bracing same within 
occlusion device 1, for example. The implant 1 inserted into 
the body will then be completely enveloped by the body's 
own tissue within a few weeks or months. 

0079 The braiding 2 which serves as the base structure 
for the occlusion device 1 according to the invention exhib 
its sufficient rigidity to clamp the fabric insert and have it 
remain in position. 

0080. The braiding 2 converges into a holder 5 at the 
distal end 3 of distal retention area 8. This is thereby realized 
by producing an internal thread in holder 5 which then 
serves to engage with a guide wire of a not shown insertion 
instrument when the occlusion device 1 is being guided to 
the appropriate position relative the location of the defect in 
the septum, for example in an intravascular Surgical proce 
dure. After the occlusion device 1 has been positioned in the 
shunt or defect, the engagement between the guide wire of 
the insertion instrument and distal end 3 is then disengaged. 
It is, of course, also conceivable to make use of a differently 
configured mechanism in place of an internal thread in 
holder 5 at distal end 3. 

0081. As already indicated, FIG. 1 shows a perspective 
view of the preferred first embodiment of the occlusion 
device 1 according to the invention in expanded State while 
FIG. 2 shows a perspective partial view of the distal reten 
tion area 8 of the occlusion device 1 shown in FIG. 1. For 
simplification purposes, FIG. 1 only shows the outline of 
occlusion device 1. For even further simplification, a 
detailed depiction of the braiding 2 serving as the base 
structure is dispensed with and the form of occlusion device 
1 is shown as that of a closed surface. This occlusion device 
1 exhibits a much flatter proximal retention area 6 compared 
to the first embodiment. Depending upon actual intended 
application, the proximal retention area 6 is configured in a 
more or less distinctly flattened shape So as to ultimately 
form the proximal wall 112 in the expanded state. Yet also 
conceivable would be for the proximal wall 112 to exhibit a 
completely flattened spherical shape or an almost plate 
shaped profile. 

0082 FIG. 4 shows a three-dimensional view of a round 
braiding machine 7 in order to illustrate the method of 
manufacturing the occlusion device 1 according to the 
present invention. FIG. 5 is a top plan view of the round 
braiding machine 7 depicted in FIG. 4 in order to illustrate 
the inventive manufacturing method for a ball-shaped, bulb 
shaped or teardrop-shaped initial braiding structure 2 
according to FIGS. 9a-9c, which can serve as the starting 
structure for the occlusion device 1 according to the inven 
tion. FIG. 6 further shows a braiding head 11 for the round 
braiding machine 7 of FIG. 4 in greater detail, while FIG. 7 
shows a braiding 2 made for example with the braiding head 
11 shown in FIG. 6, which can serve as the base structure for 
the occlusion device 1 according to the invention. FIG. 8a is 
furthermore a side view of a special braiding head 11 for 
manufacturing a ball-shaped, bulb-shaped or teardrop 
shaped initial braiding 2 according to FIGS. 9a-9C, which 
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likewise can serve as the base structure for the inventive 
occlusion device 1. The braiding head 11 according to FIG. 
8a is further shown in sectional view in FIG. 8b, while FIG. 
8c depicts a stereoscopic representation of the special braid 
ing head 11 for manufacturing a spherical braiding of this 
type. 

0083. In contrast to the known braiding methods where 
all the threads or wires 4 are gathered into one bundle at the 
leading end of the braiding 2 and stretched to an extractor 
device, in the method according to the invention, the mate 
rial supply is stretched from every second spool 9 to a 
braiding head 11 and from there to each next respective 
spool 13 or a multiple of the dividing gap. The spools 13 not 
having a material Supply only have an auxiliary thread 
extending at least to braiding head 11. The end of the 
material Supply is connected to the end of the auxiliary 
thread as close as possible to the auxiliary thread spool by 
means of bolt 14. 

0084. The braiding head 11, depicted in detail in the latter 
cited figures, is of crown-shaped configuration and is pro 
vided with form elements 15 which allow the threads or 
wires 4 to be hooked. Form elements 15 can be lowered in 
order to hook/unhook braiding 2. Braiding head 11 is axially 
positioned at the center of the orbit of impellers 16 such that 
the threads or wires 4 are aligned at a flat downward angle 
to bobbins 17 of the braiding machine 7. 
0085. After all the wires 4 required for the braiding 2 
have been joined and tightened, braiding commences in 
conventionally known manner in that impellers 16 rotate 
around the center while bobbins 17 shift from impeller to 
impeller, their orbits thereby crossing. The infeed for braid 
ing 2 is realized by means of a cam plate 18 based on the 
revolutions of impellers 16. The length to the braiding which 
can be produced with this method is proportional to the 
circumference and pitch of braiding 2 as well as to the length 
of the end of the wire or thread connected to the auxiliary 
thread. Subsequent braiding, the free ends are bundled or 
gathered, lopped off from the material Supply and uncoupled 
from the auxiliary thread. The ball-shaped or bag-like hol 
low braiding 2 thus produced is closed at its leading end and 
bundled at its trailing end. The wire bundle is gathered such 
that an internal thread can be produced therein for engaging 
with the guide wire of a insertion instrument. 
0086. In the subsequent material-dependent molding and 
heat treatment process, the braiding 2 is brought into the 
form desired for occlusion device 1. The initial structure is 
Suitable for manufacturing an occlusion device 1 for the 
treatment of a patent foramen ovale (PFO), ventricular septal 
defect (VSD), atrial septal defect (ASD) or persistent ductus 
arteriosus (PDA). 
0087. It is noted at this point that FIG. 10b, for example, 
shows a side sectional view of the right side of an inventive 
PFO-type occlusion device 1, whereby this PFO-occlusion 
device 1 is made from a spherical braiding 2 as described 
above. FIG. 10c moreover shows a side sectional view of the 
right side of an inventive ASD-type occlusion device 1, 
whereby this ASD-occlusion device 1 as well is made from 
a spherical braiding 2, the manufacture of which is described 
above. FIG. 11 furthermore shows another side view of an 
inventive PFO-type of occlusion device 1. 
0088. It is furthermore pointed out that FIG. 12 discloses 
a side sectional view of the right side of an inventive 
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VSD-type occlusion device 1, whereby this VSD-occlusion 
device 1 is made from a ball-shaped, bulb-shaped or tear 
drop-shaped initial braiding 2 as described above. Finally, 
reference is made to FIGS. 13 and 14 which respectively 
depict sectional views of the right sides of occlusion devices 
1 of the ASD and PDA types. The inventive occlusion 
devices shown in FIGS. 13 and 14 are in turn made from a 
ball-shaped, bulb-shaped or teardrop-shaped initial braiding 
structure in accordance with FIGS. 9a-9C, whereby said 
initial braiding is produced as described above. 
0089. From the perspective of holder 5 and depending 
upon configuration, an expanded diameter (i.e. distal reten 
tion area 8) is formed, followed by crosspiece 10, to which 
another expanded closed diameter (i.e. proximal retention 
area 6, proximal wall 112 respectively) is joined. 
0090 Since circumstances dictate that braiding 2 serving 
as the base for the occlusion device 1 cannot as such always 
fully occlude a defect, fabric inserts can be introduced into 
crosspiece 10 and in the expanding diameters—distal and/or 
proximal retention areas 6,8. These fabric inserts, preferably 
of Dacron, then close the gaps remaining in braiding 2 when 
occlusion device 1 is in its inserted state. Said fabric inserts 
can be secured for example by being stretched over the 
proximal opening like a cloth. 

0091 Reference is herewith again made to FIG. 6 which 
depicts the braiding head 11 of the round braiding machine 
7 from FIG. 4 in greater detail, while FIG. 7 shows an 
example of a braiding 2 produced with the braiding head 11 
shown in FIG. 6, which can serve as the starting structure for 
the occlusion device 1 according to the invention. Clearly to 
be seen here is that the braiding 2 serving as the base 
structure for occlusion device 1 is configured in the form of 
a tubular or bag-shaped braiding 2 closed to it top which 
only needs to be provided with one holder 5 at its end 3. 
while the threads or wires 4 on the opposite side 12 are, for 
example, intertwined from the center outward. 
0092. The closed braiding 2 can be shaped as a ball (cf. 
FIG. 9a), a bulb (cf. FIG.9b) or also a teardrop (cf. FIG.9c), 
whereby only one holder 5 having an internal thread for 
Snugly connecting with an insertion catheter is provided at 
distal end 3. 

0093. The core but also highly specific occlusion device 
1 can be manufactured from the ball-shaped (FIG. 9a), 
bulb-shaped (FIG. 9b) or teardrop-shaped (FIG. 9c) initial 
braiding structure 2, as will be described below, whereby 
this inventive occlusion device 1 can be given Substantially 
improved functional properties such as in particular the 
extreme flattened form to the proximal wall 112 and without 
any additional seams in proximal retention area 6, proximal 
wall 112 respectively. 

0094 Specifically, this is an occluder 1 for treating an 
atrial septal defect (ASD), which is a hole in the hearts atrial 
septum. FIG. 13 shows an example of such an ASD-occluder 
1. 

0095 Occluder 1 can moreover be produced to treat a 
patent foramen ovale (PFO): i.e. for treating oval openings/ 
apertures in the heart’s atrial septum. FIG. 11 shows this 
type of inventive PFO-occluder. 
0096. It is moreover conceivable in accordance with the 
invention, to manufacture an occluder to treat persistent 
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ductus arteriosus (PDA), meaning to treat an open channel 
between the aorta and the pulmonary artery. FIG. 14 depicts 
this type of PDA-occluder 1. 
0097. It is also pointed out in conclusion that, according 
to the invention, an occluder 1 for treating a ventricular 
septal defect (VSD) is also conceivable; i.e. for treating a 
hole in the heart's ventricular wall. FIG. 12 shows an 
example of such a VSD-occluder. 
0.098 Attention is drawn to the fact that realizing the 
invention is not limited to the embodiments specified by the 
figures, but is instead feasible in a plurality of variants. 

List of Reference Numerals 

0099] 1 occlusion device 
0100 2 braiding 
0101 3 distal end 
0102) 4 thread, wire 
0103) 5 holder 
0104 6 proximal retention area 
0105 7 braiding machine 
0106 8 distal retention area 
0107 9 spool 
0108) 10 crosspiece 
0109 11 braiding head 
0110 12 proximal end 
0111 13 spool 
0112 14 bolt 
0113 15 form element 
0114) 16 impeller 
0115 17 bobbin 
0116 18 cam plate 

1. An occlusion device consisting of a holder and a 
braiding of thin wires or threads, which is given a suitable 
form in a molding and heat treatment procedure, having a 
proximal retention area and a distal retention area, wherein 
the ends of the wires or threads converge into a holder in the 
distal retention area, and a cylindrical crosspiece interposed 
between said proximal and distal retention areas, wherein 
the two retention areas are positioned on the two sides of a 
shunt to be occluded in a septum usually by way of an 
intravascular Surgical procedure while said crosspiece trans 
verses the shunt, characterized in that 

the proximal retention area of braiding exhibits a com 
pletely closed proximal wall having a continuous Sur 
face at the proximal end of the occlusion device which 
forms the proximal end of said occlusion device. 
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2. The occlusion device according to claim 1, wherein the 
proximal wall exhibits a curved Surface as the continuous 
Surface. 

3. The occlusion device according to claim 2, wherein the 
curved surface conforms to the Surface of a section of a 
ball-shaped, bulb-shaped or teardrop-like body. 

4. The occlusion device according to claim 1, wherein the 
braiding consists of nitinol or another material having shape 
memory or memory effect. 

5. The occlusion device according to claim 4, wherein the 
shape-memory material is a biodegradable material. 

6. The occlusion device according claim 1, wherein the 
braiding tapers to the diameter of a catheter to be used in an 
intravascular Surgical procedure. 

7. The occlusion device according to claim 6, wherein the 
proximal retention area with its proximal wall is configured 
Such that said proximal wall curves outward upon expansion 
of the occlusion device so as to come into position in Such 
manner with the septal wall. 

8. The occlusion device according to claim 1, wherein the 
distal retention area exhibits a holder preferably arranged 
axially to crosspiece. 

9. The occlusion device according to claim 8, wherein at 
least one connecting element is further provided at distal 
retention area, wherein said connecting element is engage 
able with a catheter. 

10. The occlusion device according claim 1, wherein the 
occlusion device is configured to be reversibly foldable and 
expandable Such that the expanded occlusion device can be 
folded up using an explantation catheter, wherein the force 
fit connection between the proximal wall and the septal wall 
is disengaged. 

11. A method of manufacturing an occlusion device, in 
particular an occlusion device according to any one of the 
preceding claims, wherein the method comprises the fol 
lowing procedural steps: 

forming a ball-shaped, bulb-shaped or teardrop-shaped 
hollow braiding by means of a braiding process known 
perse, wherein said hollow braiding is bundled at a first 
distal end and exhibits a completely closed proximal 
wall having a continuous Surface on an opposite second 
proximal end; and 

forming a proximal retention area on the proximal wall, a 
distal retention area on the bundled first end, and a 
cylindrical crosspiece arranged between said proximal 
and distal retention areas. 

12. The method according to claim 11 further comprising 
the procedural step of forming a holder on the bundled distal 
end of the hollow braiding. 

13. The method according to claim 11, wherein the 
procedural step of forming the retention areas and the 
crosspiece includes molding and/or heat treatment. 


