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(57) ABSTRACT 

A medical device, having a body that is tubular at least in 
Some sections. The body can be transferred from a com 
pressed state into an expanded State and has a circumferential 
wall having at least one first lattice structure and one second 
lattice structure. The first lattice structure and the second 
lattice structure form separate layers of the circumferential 
wall, which are arranged coaxially one inside the other and 
connected to each other at least at points in Such away that the 
first lattice structure and the second lattice structure can be 
moved relative to each other at least in Some sections. A 
system having Such a device is also disclosed. 
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MEDICAL DEVICE AND SYSTEMI HAVING 
SUCH A DEVICE 

0001. The invention relates to a medical device according 
to the preamble of claim 1. The invention further relates to a 
system having Such a device. A device of the type in question 
is known from DE 601 28 588 T2, for example. 
0002 DE 601 28 588 T2 discloses a stent whose tubular 
structure is formed by a plurality of layers. The individual 
layers each comprise a wire braid, the wire braids being 
interwoven. The wire braids of the individual layers are there 
fore in each case woven with the wire braid of an adjacent 
layer and thus form a connection between the layers that 
covers a large surface area. This results overall in a relatively 
complex braided structure of the wall of the stent. 
0003. The complex braided structure increases the fine 
mesh of the known stent, and this is intended to have advan 
tages in the treatment of aneurysms. Specifically, the stent is 
used to impede the flow of blood into an aneurysm, by means 
of the stent being placed in a blood vessel in the area of an 
aneurysm. For this purpose, the stent is guided in a conven 
tional manner known perse to the treatment site via a delivery 
system. The stent lies in a compressed State inside the delivery 
system. In other words, the stent has a minimal cross-sec 
tional diameter in the delivery system. In the area of the 
treatment site, the stent is released from the delivery system. 
The stentis in particular expanded or widened at the treatment 
site, such that the stent bears on the vessel wall of the blood 
vessel. The expansion can take place automatically (self 
expandable stents) or with the aid of a balloon of the delivery 
system (balloon-expandable stents). 
0004. The known stent has disadvantages. The complex 
braided structure, in which the individual wire elements are 
interwoven over a plurality of layers of the walls, means that, 
when the known stent is in the compressed State, the indi 
vidual wires inside the delivery system are in an arrangement 
that requires a large amount of space. This arrangement is 
seen particularly in the cross section of the compressed 
known stent, which is shown by way of example in FIG. 6a. 
Here, the first wires 41 of a first braid layer have a larger 
cross-sectional diameter than the second wires 42 of a second 
braid layer. The first wires 41 of the first braid layer are 
interwoven with the second wires 42 of the second braid layer. 
In the compressed State, this results in the bulky arrangement 
as per FIG. 6a. Relatively large free spaces between the first 
and second wires 41, 42 remain unused. Such that the known 
stent, in the compressed state, has a relatively large overall 
cross-sectional diameter. This also influences the minimum 
possible cross-sectional diameter for the delivery system. 
Delivery of the known stent into quite small vessels is thus 
made more difficult. 

0005. As a result of the interweaving of the individual 
layers, the flexibility of the known stent is also adversely 
affected. In particular, the interwoven wires become blocked 
on each other, Such that the known stent has a comparatively 
high degree of stiffness or low flexibility. 
0006. In general, aneurysms in blood vessels are affected 
by various physical phenomena that can lead to an enlarge 
ment or even a rupture of the aneurysm. These physical phe 
nomena, arising from the physiology of the cardiovascular 
system, comprise, on the one hand, the transfer of the blood 
pressure into the aneurysm and, on the other hand, shear 
stresses which are caused by a flow of blood inside the aneu 
rysm, and also local loads which act on the aneurysm wall or 
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aneurysm neck and are caused when individual areas of the 
aneurysm are attacked directly by the blood flow. 
0007 Aneurysms mostly form in arteries, i.e. blood ves 
sels leading away from the heart. On account of the pulsating 
pump action of the heart, the blood flow in arteries is subject 
to intense fluctuations of pressure. The maximum pressure 
peaks in the arterial system occur in the ejection phase of the 
heart, the systole. A pressure minimum is reached in the 
diastole, the filling phase of the heart chambers. The level of 
the local pressure within defined sections of the vessels is 
determined by, among other things, the compliance, i.e. the 
elasticity, of the vessel wall. The pressure fluctuations in the 
vessel are transferred through the aneurysm neck into the 
aneurysm. Ifuntreated, the pressure inside the blood vessel is 
transferred almost completely into the aneurysm, which leads 
to increased loading of the already weakened aneurysm wall. 
There is a danger of the aneurysm rupturing. The flow of 
blood from the blood vessel into the aneurysm is impeded by 
the use of known stents, for example the aforementioned stent 
according to DE 601 28 588 T2. A through-flow resistance is 
thus created which reduces the velocity of the flow of the 
blood into the aneurysm. Therefore, during the systole, the 
pressure inside the aneurysm rises more slowly and to a lesser 
degree than inside the blood vessel. In other words, the trans 
fer of pressure from the blood vessel into the aneurysm 
through the meshes of the stent is delayed and incomplete. 
FIG. 1c shows an example of the pressure profile of the blood 
pressure in the blood vessel (solid line) and the pressure curve 
of the blood pressure inside the aneurysm (broken line). 
0008. It is known from practice that, some hours or days 
after an aneurysm has been treated with known stents that 
impede the transfer of pressure into the aneurysm, fissures 
can appear in the aneurysm wall and lead to bleeding. In the 
treatment of aneurysms with the known stents, there is there 
fore still the danger of the aneurysm rupturing. 
0009. It is assumed that, when the aneurysm is covered by 
known stents that influence the blood pressure in the aneu 
rysm, the cells of the aneurysm wall, including muscle cells in 
the area of the muscle layer (tunica media) of the vessel wall, 
degenerate as a result of the diminishing load. In other words, 
the cells of the aneurysm wall are used to the high pressure 
load. When the high pressure load is lost, degenerative pro 
cesses can set in, as a result of which the mechanical proper 
ties of the vessel wall may undergo negative changes. The 
danger of a rupture of the vessel wall in the aneurysm region 
thus increases. 

0010. The blood flow inside an aneurysm is subject to a 
further physical phenomenon. As the blood in the blood ves 
sel flows past the aneurysm neck, shear forces act at the 
interface between the blood in the blood vessel and the blood 
inside the aneurysm. The resulting shear stresses cause eddy 
ing of the blood inside the aneurysm. A flow eddy thus forms 
in the aneurysm. The eddy formation in the aneurysm pre 
vents blood clotting inside the aneurysm. In particular, the 
eddy formation prevents areas of Stasis from developing, 
which are seen as a precondition for agglomeration in the 
form of so-called rouleaux formation. The expression rou 
leaux formation, or pseudoagglutination, designates the 
reversible formation of chain-like stacks of red blood cells. 
With regard to the aforementioned degeneration of cells of the 
aneurysm wall, the obstruction of a tangential blood flow, 
which on account of shear stresses leads to an eddying of the 
blood flow inside the aneurysm, is regarded as disadvanta 
geous. Up to a certain point, however, reduction of the shear 
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stress is necessary to ensure that the blood can clot. However, 
if the reduction is too great, thrombus development takes 
place too rapidly. The fresh clot developing as a result of the 
blood stasis rapidly increases in Volume, which can lead to 
fissures in the aneurysm wall. 
0011 Aneurysms in curved blood vessel sections have a 
further peculiarity in terms of the way they are influenced by 
the blood flow in the blood vessel. The curved shape of the 
vessel causes the blood in the blood vessel to be deflected in 
a curved trajectory. When an aneurysm develops at the apex 
of the curve, a flow component of the blood flow arises which 
is oriented Substantially directly into the aneurysm, in par 
ticular onto the aneurysm neck. The blood from the blood 
vessel thus flows directly into the aneurysm. As soon as the 
inflowing blood strikes the aneurysm wall, particularly in the 
aneurysm head, the blood flow is deflected, as a result of 
which the kinetic flow energy of the blood is converted into a 
local pressure that locally stresses the aneurysm wall. The 
local inflow, and the local pressure resulting from the latter, 
can, in conjunction with the physiological pressure wave 
triggered by the systole and the diastole, be the cause of the 
development of the aneurysm. A reduction of the pressure 
wave can be positive in order to prevent the aneurysm grow 
ing any further, or even in order to achieve shrinkage of the 
aneurysm. On the other hand, the reduction can have a disad 
Vantageous effect on the degeneration of the cells of the 
aneurysm wall. 
0012. By means of known stents that cover the aneurysm 
neck, the local pressure caused by the direct inflow of blood 
into the aneurysm is reduced or avoided, since the blood flow 
through the stent placed in the vessel is deflected into the 
predetermined curved trajectory. The fraction of the flow 
component routed directly into the aneurysm is thus reduced. 
At the same time, the known stents avoid the transfer of a 
pressure wave into the aneurysm, as a result of which the 
degeneration of the cells of the aneurysm wall is promoted. 
0013 Another possible way of avoiding direct flow onto 
an aneurysm is to influence the vessel curvature. For example, 
the radius of curvature of the vessel in the area of the aneu 
rysm can be reduced by a suitable stent. A precondition for 
this is a stent structure that has sufficient stiffness or radial 
strength to ensure that the stent structure forces the blood 
vessel into a more elongate and less curved shape. 
0014. In practice, the above-described medical require 
ments concerning the treatment of aneurysms are satisfied by 
a number of different technical approaches. On the one hand, 
it is assumed that a very fine mesh, i.e. the Smallest possible 
mesh size, of an aneurysm stent permits efficient treatment. 
The very fine mesh is usually obtained using a large number 
of wires. In order to achieve suitable crimpability, such that 
the aneurysm stent can be inserted into Small blood vessels, 
the individual wires have a comparatively small cross-sec 
tional diameter. Therefore, stents of this kind develop a com 
paratively low radial force. This means that stents of this kind 
do not permit any influence of the curvature of a blood vessel. 
Moreover, stents with a low radial force have low stability, 
which results in the danger of the stent moving away from its 
original position inside the blood vessel on account of the 
blood flow or the pulsation. There is therefore the danger of 
dislocation of the stent. In particular, cases are known from 
practice in which the inserted stents have migrated out of the 
blood vessel into the aneurysm and have caused further dam 
age there. On account of the comparatively low radial force, 
stents of this kind also have a relatively small restoring force. 
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Frictional forces between the stent and the vessel wall can 
mean that it is not possible to ensure an adaptation of the 
cross-sectional diameter of the stent to the cross-sectional 
diameter of the blood vessel, particularly under the influence 
of the systole and diastole. With large braiding angles, the 
lattice structure can easily squash together. As a result, the 
cells become smaller and the lattice structure becomes tighter. 
The permeability decreases, and the through-flow resistance 
increases, which can impair the flow conditions and can lead 
to occlusion of side branches of the vessels. 
0015. In the known stents, the comparatively fine mesh is 
also achieved through a large braiding angle. A large braiding 
angle also increases the foreshortening. Foreshortening is 
understood as a phenomenon in which the lattice structure of 
the stent shortens in the axial direction during the expansion, 
i.e. during the transfer from the compressed State to the 
expanded State. A large braiding angle causes a quite consid 
erable shortening of the stent during the expansion. The posi 
tioning of such stents is made more difficult. There is the 
danger of the stent being wrongly positioned. The effect of the 
foreshortening is also seen in connection with the change of 
cross section of the blood vessel during the systole and dias 
tole. Even with comparatively Small changes of diameter, the 
stent with a large braiding angle can experience considerable 
lengthening or shortening. This also causes a change in the 
cell configuration and in the mesh size of the stent. The 
reproducibility of the treatment is thus made more difficult. 
By means of a large braiding angle, a high degree offlexibility 
is made available in the known stent. However, with flexible 
stents of this kind, the elongation of a curved blood vessel in 
order to reduce the impulse on the aneurysm wall is not 
possible. 
0016 A further disadvantage of stents known from prac 
tice is that the stents narrow at least in Some sections during 
elongation. Such an elongation of the stent in the axial direc 
tion can be caused by the sequence of systole and diastole. 
During the systole, the vessel diameter is widened depending 
on the vessel compliance. Moreover, an axial elongation of 
the blood vessel takes place at the same time. The axial ends 
of a stent which is positioned inside the blood vessel, and 
which bears on the vessel wall, move away from each other 
during the elongation of the vessel. According to the fore 
shortening effect, the elongation of the stent causes at least in 
Some sections a reduction of the stent diameter. The stent 
structure can then lift away from the aneurysm or from the 
aneurysm neck, as a result of which the effect of influencing 
the flow is reduced. Moreover, a narrowing of the stent diam 
eter, triggered by an elongation of the stent, can cause the 
contact between stent and vessel wall to be reduced, with the 
resulting danger of dislocation of the stent. 
0017. The object of the invention is to make available a 
medical device which permits efficient treatment of aneu 
rysms and has improved crimpability. In particular, the device 
is intended to prevent a postoperative rupture of the aneurysm 
or a postoperative weakening of the aneurysm wall. It is also 
the object of the invention to make available a system having 
Such a device. 

0018. According to the invention, this object is achieved, 
in respect of the device, by the subject matter of claim 1, and, 
in respect of the system, by the subject matter of claim 20. 
0019. The invention is based on the concept of making 
available a medical device, comprising a body which is tubu 
lar at least in some sections, can be transferred from a com 
pressed State to an expanded State and has a circumferential 
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wall with at least a first lattice structure and a second lattice 
structure. The first lattice structure and the second lattice 
structure form separate layers of the circumferential wall. The 
separate layers of the circumferential wall are arranged coaxi 
ally one inside the other. Moreover, the separate layers of the 
circumferential wall are connected to each other at least at 
points, in Such a way that the first lattice structure and the 
second lattice structure are movable relative to each other at 
least in some sections. 

0020. According to the invention, the first lattice structure 
and the second lattice structure form separate layers of the 
circumferential wall. Therefore, the lattice structures are not 
connected to each other over a large Surface area, as they are 
in the prior art. Instead, the connection between the lattice 
structures is punctiform, Such that a relative movement is 
permitted between the layers or lattice structures. 
0021 Punctiform connection means that the area of the 
two lattice structures where they are arranged loosely on each 
other is greater in terms of Surface area than the at least one 
connection area or the punctiform connection areas between 
the two lattice structures, in Such a way that a relative move 
ment is possible between the two lattice structures. The at 
least one connection area or the punctiform connection areas 
do not form a continuous lattice structure. Instead, the con 
nection area is locally limited. For example, the connection 
area can in each case comprise individual cells or meshes of 
the two lattice structures in the area of which the mechanical 
connection exists. The punctiform connection area can be 
limited to at most 4 cells or meshes of the first and/or second 
lattice structure, wherein either 4 or fewer cells of the first 
lattice structure are connected to any desired number of cells, 
in particular to more than 4 cells, of the second lattice struc 
ture. The same applies conversely for the second lattice struc 
ture. It is also possible that both lattice structures are con 
nected to each other in the area of at most 4 cells. The 
connection with 3 or 2 cells is disclosed explicitly. The punc 
tiform connection can also comprise, for example, the con 
nection of individual lattice elements of the two lattice struc 
tures, in particular lattice filaments made of plastic or metal, 
for example lattice wires and/or Strands composed of several 
filaments, or wires, which can be twisted together or parallel 
alongside each other, i.e. not twisted together. 
0022. A punctiform connection is therefore understood as 
a connection limited to a partial area or a partial Surface of the 
lattice structure, wherein in particular the ratio between the 
Surface area of the connected lattice structures and the Surface 
area of the free lattice structures is such that the lattice struc 
tures can move relative to each other in the free area, in 
particular can move relative to each other unimpeded. The 
Surface area of the connected lattice structures is Smaller than 
the surface area of the free lattice structures. The at least one 
punctiform connection can be arranged within the lattice 
structure. The punctiform connection has an areal extent (one 
or more connection points) or a linear extent (one or more 
connection lines) and is Surrounded on all sides, or at least on 
two sides, particularly in the linear extent, by lattice structures 
arranged loosely on each other. The punctiform connection 
can thus comprise at least one connection point, in particular 
several individual connection points each with an areal extent 
and/or at least one connection line, in particular several indi 
vidual connection lines. A connection line can be formed 
from several individual connection points arranged in a row, 
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in particular in the circumferential direction. The term con 
nection point is not to be understood in the strict mathematical 
SS. 

0023 The punctiform connection can be arranged in the 
edge area, in particular at the edge of a lattice structure. The 
edge area as a whole can form the punctiform connection. The 
edge area forms an outer area which is arranged in the axial 
direction of the device and which is arranged at least outside 
the first intersection or the first cell segment of the lattice 
structure. The outer area can, for example, be the loop area of 
a braided stent. In a retractable braid with an obliquely taper 
ing tip, as is described in DE 10 2009 056 450 or DE 10 2009 
056 450, the content of each of which is fully incorporated by 
reference into this application, the area from the obliquely 
tapering tip to the in cross section cylindrically closed jacket 
area forms the edge area in which the lattice structures are 
connected. It is also possible to connect the lattice structures 
only at the oblique edge of the tip, for example by twisting the 
wires together. 
0024. If the punctiform connection is arranged at the edge 
of a lattice structure, the edge forms a limit of the connection. 
The other sides of the connection adjoin lattice structures 
arranged loosely on each other. Both lattice structures can 
each be connected at the edge, or one lattice structure at the 
edge and the other lattice structure away from the edge, for 
example in the middle area. This applies both to the first and 
also the second lattice structure. 
0025. It is also possible that the at least one punctiform 
connection is arranged outside the lattice structure, for 
example by connection strands or filaments or wires that 
extend over the lattice structures and are connected outside 
the lattice structures. 
0026. The punctiform connection can have different geo 
metric shapes. For example, the shape of the connection can 
correspond to the shape of a cell or of several contiguous 
cells. Generally, the punctiform connection can be formed 
from individual subconnections, which for their part repre 
sent punctiform connections, for example in the form of indi 
vidual wires or strands connected to each other at points. The 
higher-order punctiform connection is at least partially Sur 
rounded by lattice structures arranged loosely on each other, 
in Such a way that, in the unconnected area of the lattice 
structures, a relative movement of the lattice structures is 
possible. This applies both to areal and also to linear puncti 
form connections. 

0027. The linear connection can extend in the circumfer 
ential direction and/or in the longitudinal direction and/or 
obliquely with respect to the longitudinal axis of the device. It 
preferably extends only in the circumferential direction or 
only in the longitudinal direction. 
0028. The length of the linear connection is at most 30%, 
in particular at most 25%, in particular at most 20%, in par 
ticular at most 15%, in particular at most 10%, in particular at 
most 5%, in particular at most 4%, in particular at most 3%, in 
particular at most 2%, in particular at most 1% of the total 
length of the device in the longitudinal direction or of the 
circumference of the device. 
0029. It is possible that the punctiform connection is 
arranged at the edge or even outside of the two lattice struc 
tures. For example, the two lattice structures can be connected 
by a common strand or guide wire by which the device can be 
actuated or can be moved in a delivery system. In this case, the 
two lattice structures are arranged loosely on each other 
across the entire surface area of the device and are fixed only 
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at the axial end, where the two lattice structures are connected 
to the strand or to the guide wire. 
0030 The two layers or lattice structures are arranged 
coaxially one inside the other. This has the effect that the 
tubular body, in a compressed State, has a smaller cross 
sectional diameter than in the prior art. Specifically, the inven 
tion provides for a regular arrangement of the individual 
wires or webs of the lattice structure, as a result of which the 
number of unused free spaces between the individual wires or 
webs is reduced. The crimpability or compressibility of the 
tubular body is thus increased. 
0031. By virtue of the double-walled structure, or the 
multi-layered design of the circumferential wall composed of 
mutually movable layers, it is possible to cover different 
application possibilities. Thus, in the device according to the 
invention, a division of functions can be provided in which 
one of the lattice structures has, for example, a carrying or 
Supporting function, and the other or a further lattice structure 
has the function of influencing the flow in the area of an 
aneurysm. 
0032. The lattice structures or separate layers are con 
nected to each other at points. The punctiform connection 
between the lattice structures ensures that the lattice struc 
tures Substantially maintain their position relative to each 
other. In particular, the lattice structures maintain their rela 
tive position independently of a compressed or expanded 
state. Parts or sections of the lattice structures are able to 
move relative to each other. However, complete displacement 
of the two lattice structures relative to each other is prevented 
by the punctiform connection. In this way, the risk of dislo 
cation of the medical device is minimized. 
0033. In a preferred embodiment of the medical device 
according to the invention, the first lattice structure and/or the 
second lattice structure is formed in each case from interwo 
ven wires. Preferably, both lattice structures, or generally the 
lattice structures of the circumferential wall, each have a wire 
braid. The individual wire braids or lattice structures are 
therefore advantageously formed from several wires which 
extendin a spiral shape about alongitudinal axis of the tubular 
body. Wire spirals are provided that run in opposite directions 
and are interwoven. The individual layers of the circumfer 
ential wall are therefore formed by wire braids or interwoven 
wires or bands. However, the interweaving is present exclu 
sively within an individual layer. The individual layers are 
interconnected at points, such that a relative movement 
between the layers is permitted. 
0034. It will be noted in this connection that the applica 
tion does not only disclose and claim lattice structures that 
comprise a wire braid. Instead, the invention also includes 
lattice structures that are formed on the basis of lattice webs. 
Lattice structures of this kind can be produced, for example, 
by laser cutting or chemical vapor deposition. 
0035. In the context of the invention, provision is also 
made that each individual wire element of a lattice structure 
or of a layer comprises a single site at which the wire or the 
wires is or are connected to a wire or to wires of an adjacent 
layer. This has the effect that a punctiform connection exists 
between the layers. 
0036. The first lattice structure can have a proximal end, 
which is connected to a proximal end of the second lattice 
structure in Such a way that distal ends of the first and second 
lattice structures arranged opposite the proximal ends are 
movable relative to each other. This embodiment goes back to 
the idea of interconnecting the lattice structures of the sepa 
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rate layers at in each case an axial end, in particular at the 
proximal ends. Thus, the entire lattice structure is movable 
between these. By contrast, the distal ends of the first and 
second lattice structures are arranged free. Such that the distal 
ends of the lattice structure are movable relative to each other. 
The relative mobility of the lattice structures at least in some 
sections has the particular advantage of permitting a division 
of functions. In particular, the first and second lattice struc 
tures can have different geometries, such that different func 
tions can be performed by the first and second lattice struc 
tures. The connection of the proximal ends of the lattice 
structures to each other is particularly advantageous, since the 
area where the lattice structures are movable relative to each 
other is quite large. In this way, different properties of the 
lattice structures can be combined across a relatively large 
area or the entire area of the tubular body. As an alternative to 
the connection of the proximal ends of the lattice structures, it 
is also possible that the distal ends of the first and second 
lattice structures are connected to each other. Moreover, the 
first and second lattice structures can be connected to each 
other at points in a middle area of the tubular body. The free 
ends of the lattice structures at the distal and/or proximal end 
of the device have the effect that the two lattice structures can 
shorten independently of each other during the expansion in 
the vessel (foreshortening), for example if the two lattice 
structures have different braiding angles. 
0037. It generally applies that a division of functions of the 
two structures is permitted by the only punctiform connection 
of the lattice structures. 

0038 According to another preferred embodiment, the 
first lattice structure and the second lattice structure, in a 
production state, have braiding angles that are the same at 
least in some sections or different from one another. Different 
braiding angles between the first lattice structure and the 
second lattice structure, or between the separate layers of the 
tubular body, have the effect that the lattice structures shorten 
to different extents during the expansion of the tubular body. 
Even in the event of a change of cross section of the hollow 
organ of the body in which the medical device is inserted, the 
lattice structures with different braiding angles behave differ 
ently. The different shortening of the lattice structures can be 
used advantageously for precise positioning of the medical 
device. For example, the second lattice structure can be 
designed in Such a way that the effect of the foreshortening is 
reduced. The second lattice structure can therefore be posi 
tioned relatively exactly. Since the first lattice structure is 
connected to the second lattice structure at points, a precise 
positioning of the second lattice structure at the same time 
permits a relatively precise positioning of the first lattice 
structure or generally of the tubular body. 
0039. Preferably, the braiding angle of the first lattice 
structure and/or of the second lattice structure is at most 70°, 
in particular at most 65°, in particular at most 60°, in particu 
lar at most 59°, in particular at most 57, in particular at most 
55°, in particular at most 52, in particular at most 50°. Such 
a braiding angle on the one hand ensures a sufficient flexibil 
ity of the lattice structures. On the other hand, such a braiding 
angle limits the foreshortening effect. Moreover, squashing 
together is reduced, such that the predetermined through-flow 
resistance is not impaired. 
0040. In a radially expanded state of the tubular body, a 
gap can be formed at least in some sections between the first 
lattice structure and the second lattice structure. Particularly 
in conjunction with different braiding angles for the first 
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lattice structure and the second lattice structure, this ensures 
that, in the event of a change of the cross section or length of 
the hollow organ of the body in which the medical device is 
arranged, the two lattice structures lift away from each other. 
In this way, a gap is formed between the lattice structures, in 
particular an annular gap. 
0041. For example, the gap can be produced if the outer, 
second lattice structure or the outer nethas, in the longitudinal 
direction, two spaced-apart, punctiform connections to the 
inner lattice structure, for example two connection lines 
extending in the circumferential direction, or individual con 
nection points along two lines extending in the circumferen 
tial direction. The connection lines can be arranged at the 
axial ends of the lattice structure or can be offset axially 
inward from one or both ends. The two lattice structures have 
different braiding angles. The outer, second lattice structure 
has a smaller braiding angle and, therefore, a smaller fore 
shortening than the inner, first lattice structure. In the 
expanded State, the inner lattice structure is shortened to a 
greater extent than the outer lattice structure. This leads to an 
outward bulging of the second lattice structure and, therefore, 
to a gap between the two lattice structures. The difference in 
braiding angle can be at least 1, in particular at least 2, at 
least 3, at least 4°, at least 5°, at least 10, at least 15°, at least 
20, at least 25°, at least 30°. The upper limit for the range of 
the difference in braiding angle is at most 30°, in particular at 
most 25°, at most 20°, at most 15°, at most 10, at most 5, at 
most 4°, at most 3, at most 2, at most 1°. The aforemen 
tioned upper and lower limits can be combined with one 
another. 

0042 Generally, the bulge can occur between individual, 
axially spaced apart connection points, in particular between 
pairs of axially spaced apart connection points. It is possible 
to provide two longitudinally spaced apart connection lines 
composed of several connection points arranged in series in 
the circumferential direction. It is also possible to provide 
more than two such connection lines, between each of which 
a bulge is formed. Such that several bulges are arranged in 
Succession. 

0043 Floweddies, which form a kind of cushion, develop 
in the gap between the lattice structures. The cushion leads to 
a desired loss of energy, such that the flow velocity is slowed 
down. The shear stresses in the main vessel thus act initially 
in the gap and generate the eddy there. The shear stresses 
transferred from the gap into the aneurysm via the wall of the 
net, or of the outer lattice structure, are thereby reduced. 
Clotting is promoted in the aneurysm. Moreover, the local 
pressure loads acting on the aneurysm wall and caused by the 
inflow of blood into the aneurysm are reduced. 
0044 Preferably, the first lattice structure and the second 
lattice structure each have closed meshes. The size of the 
meshes of the first lattice structure is advantageously different 
than the size of the meshes of the second lattice structure. In 
particular, the first lattice structure can have a smaller mesh 
size than the second lattice structure. In other words, the first 
lattice structure preferably has a finer mesh than the second 
lattice structure. The second lattice structure can, for 
example, form a carrier structure for the net-like structure of 
the first lattice structure. In this way, the division of functions 
between the two lattice structures or layers of the circumfer 
ential wall is ensured. The second lattice structure Supports or 
fixes the first lattice structure in the blood vessel. By contrast, 
the first lattice structure can have such a fine mesh as to 
efficiently influence the flow of the blood into the aneurysm. 
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Moreover, the first lattice structure can be flexible in such a 
way that the first lattice structure is easily able to follow a 
change of cross section of the blood vessel. 
0045. The wires of the first lattice structure preferably 
have a smaller cross-sectional diameter than the wires of the 
second lattice structure. The expansibility of the first lattice 
structure compared to the second lattice structure is thereby 
increased. Moreover, the first lattice structure can have a 
greater number of wires than the second lattice structure. This 
ensures that the first lattice structure has a finer mesh than the 
second lattice structure. In connection with a smaller cross 
sectional diameter of the wires of the first lattice structure, the 
expansibility of the first lattice structure is further increased 
by comparison with the second lattice structure. The function 
of influencing the flow of blood into the aneurysm is 
improved. 
0046 Preferably, the first lattice structure forms an outer 
layer and the second lattice structure forms an inner layer of 
the tubular body. The second lattice structure can form a 
carrier structure, and the first lattice structure can form a 
net-like covering structure. The carrier structure Supports the 
covering structure from the inside. This avoids a situation 
where the first lattice structure or the covering structure does 
not completely deploy upon expansion. The inner carrier 
structure, or the second lattice structure forming the inner 
layer, Supports the first lattice structure across the entire 
length thereof. 
0047. In another preferred embodiment of the medical 
device, the first lattice structure has an axial lengthwise extent 
that is Smaller than an axial lengthwise extent of the second 
lattice structure, in such a way that the first lattice structure 
covers the second lattice structure in some sections, in par 
ticular by at most 98%, at most 97%, at most 96%, at most 
95%, at most 94%, at most 93%, at most 92%, at most 91%, 
at most 90%, at most 85%, at most 80%, at most 75%, at most 
70%, at most 65%, at most 60%, at most 55%, at most 50%, 
at most 45%, at most 40%, at most 35%, at most 30%, at most 
25%, at most 20%, at most 15%, at most 10%, at most 5%, 
relative to the longer lattice structure. The aforementioned 
geometric ratios relate to the production state of the medical 
device. The production state corresponds Substantially to an 
unloaded state. This means that the medical device is not 
exposed to an external force causing a compression of the 
tubular body. In other words, the tubular body is fully 
expanded in the production state. 
0048. It is also possible to adapt the device such that the 
aforementioned geometric ratios are present in the com 
pressed state, wherein the first lattice structure is shorter than 
the second lattice structure. The aforementioned values are 
also disclosed in connection with the compressed State. 
0049. The difference in length between the two lattice 
structures can be increased, decreased or maintained constant 
upon expansion through adaptation of the foreshortening by 
means of a suitable choice of the braiding angles. For 
example, the difference in length can be shortened by at least 
10%, in particular at least 20%, in particular at least 30%, in 
particular at least 40%, in particular at least 50%, in particular 
at least 60%, in particular at least 70%, in particular at least 
80%, in particular at least 90% or by 100% (length equaliza 
tion). On the other hand, the difference in length can be 
increased by at least 2%, in particular at least 5%, in particular 
at least 10%, in particular at least 20%, in particular at least 
30%, in particular at least 40%, in particular at least 50%, in 
particular at least 60%. At length equality, i.e. when the start 
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ing difference is 0 mm, the aforementioned values relate to 
the total length of one of the two lattice structures. 
0050. In absolute values, the difference in length can be 
changed (decreased or increased) as follows: 1 mm, 5mm, 10 
mm, 15 mm, 20 mm. In the case of the decrease of the 
difference in length, these values are lower limits (at least) 
and in the case of the increase they are upper limits (at most). 
0051 Preferably, the second lattice structure is covered at 
least in some sections by the first lattice structure. The tubular 
body therefore has at least one section that has a multi-layer 
design. 
0052. The tubular body can have at least a third lattice 
structure. The third lattice structure preferably forms, 
together with the first lattice structure, the outer layer of the 
tubular body or of the circumferential wall of the tubular 
body. Generally, the individual separate layers of the circum 
ferential wall can have several lattice structures. The lattice 
structures of individual layers can be movable relative to each 
other. It is important that independent layers each comprise at 
least one lattice structure that is movable in Some sections 
relative to a lattice structure of an adjacent layer. It is prefer 
able if the outer layer has several lattice structures. In the 
compressed and/or expanded state of the tubular body, the 
lattice structures of the outer layer, i.e. the first and third 
lattice structures, can be arranged flush with each other. The 
cross-sectional diameter of the tubular body in the com 
pressed state is thus reduced. Alternatively, the lattice struc 
tures of the outer layer, i.e. the first and third lattice structures, 
can be arranged overlapping in the compressed and/or 
expanded state of the tubular body. This allows the second 
lattice structure to be covered over a relatively large surface 
area in an expanded state of the tubular body. 
0053 Preferably, the first lattice structure is connected at a 
proximal end, and the third lattice structure at a distal end, to 
the second lattice structure which forms the inner layer of the 
tubular body. In other words, the first and third lattice struc 
tures each have an end fixed to the second lattice structure and 
also a free end, wherein the free ends of the first and third 
lattice structures are arranged facing each other or adjacent to 
each other. In the compressed state of the tubular body, the 
free ends of the first and third lattice structures can be 
arranged flush with each other or in alignment. The free ends 
of the first and third lattice structures can also overlap each 
other in the compressed state of the tubular body. 
0054 Provision is preferably made that the first lattice 
structure and the third lattice structure overlap at least in some 
sections in a radially compressed State or a radially expanded 
state. On account of the foreshortening effect, which acts not 
only on the first and third lattice structures, but in particular on 
the second lattice structure that forms the inner layer of the 
tubular body, a shortening of the inner layer or second lattice 
structure takes place during the expansion of the tubular body. 
The two lattice structures that form the outer layer, i.e. the first 
and third lattice structures, moves closer to each other during 
the expansion of the tubular body. By suitable design of the 
individual lattice structures, it is possible to ensure that the 
first and third lattice structures overlap in Some sections in the 
expanded State of the tubular body. During the expansion, the 
free ends of the first and second lattice structures thus move 
closer to each other and push over each other. This is the case 
when the effect of the foreshortening of the outer lattice 
structure is less than the effect of the foreshortening of the 
inner lattice structure. Preferably, the overlapping area of the 
first and third lattice structures is arranged at the treatment site 
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in the area of the aneurysm. This has the effect that the outer 
layer of the tubular body has an increased expansibility in the 
area of the aneurysm, since the free ends of the first and third 
lattice structures are movable relative to each other. Under the 
influence of the blood flow, the free ends of the first and third 
lattice structures or of the overlap areas are therefore able to 
bulge into the aneurysm, such that a flow cushion is formed 
between the outer layer and the inner layer or the second 
lattice structure in the area of the aneurysm, in which cushion 
the flow energy of the blood flowing into the aneurysm is 
reduced and, consequently, the load applied to the aneurysm 
wall is minimized. It is also possible that the first and third 
lattice structures overlap each other in some sections both in 
the radially compressed state and also in the radially 
expanded State. The lattice structures, or the inner layer and 
the outer layer, can be designed in Sucha way that the first and 
third lattice structures do not overlap in the radially expanded 
state of the tubular body. In other words, the free ends of the 
first and third lattice structures in the radially expanded state 
can be arranged flush on each other or spaced apart from each 
other. The first and third lattice structures canthus bearranged 
in alignment with each other in the radially expanded State of 
the tubular body. 
0055. In another preferred embodiment, provision is made 
that the first lattice structure and the third lattice structure 
each comprise a proximal end, which is connected to the 
second lattice structure. In this case, the proximal end of the 
first lattice structure can be arranged at a distance from the 
proximal end of the second lattice structure. The outer layer 
can generally comprise several lattice structures which each 
form an axial section of the outer layer. The lattice structures, 
in particular the first and third lattice structures, each have a 
proximal end which is connected at points to the second 
lattice structure, i.e. the inner layer. The distal end of the first 
and third lattice structures is arranged free. The first and third 
lattice structures can overlap each other. In this way, the first 
and third lattice structures can form a scale-like outer layer. In 
particular, the first and third lattice structures can have a valve 
function, wherein the first and third lattice structures are 
advantageously positioned in the area of an aneurysm. The 
free ends of the first and/or third lattice structures can be 
deflected radially outward with respect to the inner layer of 
the tubular body, such that a catheter, for example a catheter 
for the positioning of coils, can be inserted into the aneurysm, 
wherein the catheter is guided through the meshes of the 
second lattice structure and deflects at least one free end of the 
first or third lattice structure radially outward, in order to gain 
access to the aneurysm. 
0056. In another preferred embodiment of the medical 
device, provision is made that the first lattice structure com 
prises a middle section and two edge sections delimiting the 
middle section. In the middle section, the first lattice structure 
has a smaller braiding angle than in the edge sections. Gen 
erally, provision can be made that the braiding angle of the 
respective lattice structure is variable. In other words, the 
braiding angle can change along the lattice structure, particu 
larly in the longitudinal direction of the lattice structure. 
Preferably, the braiding angle changes along the first lattice 
structure in Such away that a smaller braiding angle is present 
in the middle section than in the edge sections. This ensures 
that the first lattice structure in the middle section has a 
greater radial expansibility compared to the edge sections. 
The middle section of the first lattice structure can therefore 
be expanded in the radial direction further than the edge 
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sections. The expansibility is a result of the local flexibility in 
the middle section. However, the term flexibility is used pri 
marily for the bending behavior of the whole device or of the 
whole stent. 
0057. An elongation of the vessel section in which the 
medical device is inserted is compensated by the edge sec 
tions during the systole. It is thus ensured that the axial ends 
of the first lattice structure, in particular a free end of the first 
lattice structure, do not significantly change their position. 
The positioning of the first lattice structure is instead main 
tained. By contrast, the middle section with the smaller braid 
ing angle can utilize the Smaller foreshortening effect during 
the systole. Specifically, the middle section of the first lattice 
structure can shorten during an elongation and simultaneous 
widening of the vessel section. Preferably, the middle section 
is positioned at the level of the aneurysm or of the aneurysm 
neck. This ensures that the middle section of the first lattice 
structure can bulge into the aneurysm or into the area of the 
aneurysm neck during the systole. As a result of the Small 
braiding angle, the change in length is not significant. Thus, 
the middle section of the first lattice structure contributes to 
transferring the systolic pressure from the blood vessel into 
the aneurysm at least to a certain degree. Such that the cells of 
the aneurysm wall are still under a mechanical load. Degen 
eration of the cells in the aneurysm wall is thus avoided. 
0058. In a preferred embodiment, the distance between the 
outer layer and the inner layer varies in the expanded State of 
the body, wherein the distance alternately decreases and 
increases at least in some sections. Specifically, the outer 
layer, in the expanded state of the body, has an undulating 
contour at least in Some sections. The undulating contour is 
particularly effective in slowing down the flow. 
0059. The outer layer can have alternately disposed peaks 
and Valleys, wherein at least some, in particular all, of the 
Valleys are connected to the inner layer and/or are preshaped, 
in particular preshaped by heat treatment, and/or have another 
braiding angle than the peaks. In the connection, particularly 
the mechanical connection, of the valleys to the inner layer, it 
can be advantageous to connect a single valley or more than 1 
Valley, in particular more than 2 valleys, more than 3 valleys, 
more than 4 valleys, in particular all the Valleys, to the inner 
layer and fix them. The fixed valleys are arranged proximally, 
i.e. on the same side as the proximal end of the outer layer. 
The distal end of the outer layer, and any unfixed valleys on 
the distal side, are movable in the axial direction. In a par 
ticularly preferred embodiment, only the proximal end is 
fixed which can be seen as a half valley proximally from the 
first peak. All complete valleys including the distal end are 
free and movable. 
0060. The undulating shape can be preshaped by mechani 
cal forming or can be embossed and forms the rest state. In the 
catheter line, the undulating shape is stretched out and, upon 
release, it returns to the undulating rest state or starting state. 
When using a shape-memory material, the undulating shape 
can be embossed by a Suitable heat treatment, utilizing the 
shape-memory effect. By means of different braiding angles, 
the radial stability can be locally influenced, such that some 
areas widen easily (peaks) and some areas widen less easily 
(valleys). The aforementioned options for utilizing the undu 
lating contour can be used singly or in combination. 
0061 According to a subsidiary aspect, the invention is 
based on the concept of making available a system for medi 
cal uses, with a device as claimed in claim 1, and with a 
delivery system which comprises a flexible delivery element, 
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in particular a guide wire. The delivery element is connected 
or connectable to the device. The system is preferably adapted 
in such a way that the device can be drawn back into the 
delivery system. 
0062. The illustrative embodiments and advantages that 
have been described in connection with the medical device 
apply equally to the system having Such a device. 
0063. The invention is explained in more detail below on 
the basis of illustrative embodiments and with reference to the 
attached schematic drawings, in which: 
0064 FIG. 1a shows a cross section through a blood vessel 
with an aneurysm and indicates the transfer of pressure into 
the aneurysm; 
0065 FIG. 1b shows the blood vessel according to FIG. 
1a, with a conventional aneurysm stent inserted; 
0.066 FIG. 1c shows a graph illustrating the pressure pro 

file in the blood vessel and in the aneurysm when a conven 
tional aneurysm stent is inserted; 
0067 FIG.2a shows a cross section through a blood vessel 
with an aneurysm and indicates the influence of the shear 
stress on the aneurysm; 
0068 FIG. 2b shows the blood vessel according to FIG. 
2a, with a conventional aneurysm stent inserted; 
0069 FIG.3a shows a cross section through a blood vessel 
with an aneurysm and indicates the influence of a direct flow 
of blood into the aneurysm; 
(0070 FIG. 3b shows the blood vessel according to FIG. 
3a, with insertion of a conventional aneurysm stent having a 
Small mesh size; 
(0071 FIG. 3c shows the blood vessel according to FIG. 
3a, with insertion of a conventional aneurysm stent having a 
large mesh size; 
0072 FIG. 4a shows a longitudinal section through a 
blood vessel, with an aneurysm and with an inserted conven 
tional aneurysm stent, and indicates the influence that pulse 
induced changes in the blood vessel have on the aneurysm 
Stent; 
(0073 FIG. 4b shows the blood vessel according to FIG. 4a 
and indicates an increased flow of blood into the aneurysm 
through the meshes of a conventional aneurysm stent, under 
the influence of a systolic blood pressure; 
0074 FIG. 5a shows a longitudinal section through a 
blood vessel with an aneurysm, and with insertion of a con 
ventional aneurysm stent having a large braiding angle; 
(0075 FIG. 5b shows the blood vessel according to FIG. 
5a, with insertion of a conventional aneurysm stent having a 
Small braiding angle; 
0076 FIG. 6a shows a cross section through an aneurysm 
stent according to the prior art in a delivery system, wherein 
the aneurysm stent has a plurality of interwoven wall layers; 
0077 FIG. 6b shows a cross section through a medical 
device according to the invention, in a preferred illustrative 
embodiment, in a delivery system, wherein the device has two 
separate layers of lattice structures; 
0078 FIG. 7 shows a longitudinal section through a blood 
vessel with an aneurysm, wherein a medical device according 
to the invention, in a preferred illustrative embodiment, is 
inserted which comprises a first lattice structure with variable 
braiding angles; 
(0079 FIG. 8 shows a perspective side view of a medical 
device in another illustrative embodiment according to the 
invention; 
0080 FIG. 9 shows the medical device according to FIG. 
8 during release from a delivery system; 
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0081 FIG. 10 shows the medical device according to FIG. 
8 in an arrangement inside a blood vessel; 
0082 FIG. 11 shows the medical device according to FIG. 
10 under the influence of an elongation of the blood vessel; 
0083 FIG. 12 shows the medical device according to FIG. 
10 under the influence of a systolic blood pressure; 
0084 FIG. 13 shows a perspective side view of a medical 
device in another illustrative embodiment according to the 
invention, under the influence of an elongation of the blood 
vessel, wherein an outer layer of the circumferential wall 
comprises a shorter lattice structure than an inner layer, 
0085 FIG. 14 shows a perspective side view of a medical 
device in another illustrative embodiment according to the 
invention, under the influence of an elongation of the blood 
vessel, wherein the outer layer of the circumferential wall 
comprises two lattice structures arranged in Succession; 
I0086 FIG. 15a shows a perspective side view of a medical 
device in another illustrative embodiment according to the 
invention in the implanted state, wherein the outer layer of the 
circumferential wall comprises two lattice structures overlap 
ping each other in the expanded State of the device; 
I0087 FIG. 15b shows the device according to FIG. 15a in 
a compressed State inside a delivery system; 
0088 FIG.16a shows a perspective side view of a medical 
device in another illustrative embodiment according to the 
invention, wherein the outer layer of the circumferential wall 
comprises two lattice structures arranged in alignment in the 
expanded state of the device; 
I0089 FIG. 16b shows the device according to FIG.16a in 
a compressed State inside a delivery system; 
0090 FIG. 17 shows the device according to FIG. 12, 
wherein the reduced eddying in the aneurysm is indicated by 
a cushion area between the first and second lattice structures 
of the tubular wall; 
0091 FIG. 18 shows the developed view of a device in an 
illustrative embodiment according to the invention in which 
two lattice structures are Superposed; 
0092 FIG. 19 shows a cross section through the device 
according to FIG. 18 in the area of the connecting sleeve; 
0093 FIG. 20 shows a developed view of a carrier for a 
device in a further illustrative embodiment according to the 
invention; 
0094 FIG. 21 shows the developed view of a device in an 
illustrative embodiment according to the invention, with the 
carrier according to FIG. 20; 
0095 FIG.22 shows a perspective side view of a medical 
device in an illustrative embodiment according to the inven 
tion that is used to treat a fusiformaneurysm; 
0096 FIG. 23 shows a perspective side view of a medical 
device in a further illustrative embodiment according to the 
invention that is used to treat a fusiformaneurysm; and 
0097 FIG. 24 shows a perspective side view of a medical 
device in another illustrative embodiment according to the 
invention that is used to treat a fusiformaneurysm. 
0098. In FIG.1a, the influence of the blood pressure on an 
aneurysm 31 in a blood vessel 30 is illustrated. The arrows 
show the transfer of the pressure P from the blood vessel 30 
into the aneurysm 31. In general, the blood vessel 30 is 
Subject to pressure fluctuations that are generated by the 
pulsatile blood flow or the pulsating activity of the heart. The 
pressure peaks occur during the so-called systole, i.e. the 
ejection phase of the heart activity. The pressure is at a mini 
mum in the diastole, when the heart chambers fill with blood. 
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0099. In the prior art, the influence of the pressure fluctua 
tions on the aneurysm 31 is affected by the use of a conven 
tional fine-meshed aneurysm stent 40. For this purpose, the 
conventional aneurysm stent 40 is implanted in the area of the 
aneurysm 31 in the blood vessel 30 (FIG. 1b). The flow of 
blood between the blood vessel 30 and the aneurysm 31 is 
influenced by the structure of the conventional aneurysm 
stent 40, such that the pressure P transferred into the aneu 
rysm is on the one hand reduced and on the other hand acts on 
the aneurysm 31 with a time lag. FIG. 1c provides an illus 
tration of the pressure profile in the blood vessel 30 (solid 
line) and in the aneurysm 31 (broken line) as covered by a 
conventional aneurysm stent 40. It can be seen clearly from 
the illustrated pressure profiles that the pressure in the aneu 
rysm 31 rises and falls more slowly than in the blood vessel 
30. The pressure curve in the aneurysm 31 is therefore flatter 
as a whole. The effect is all the more distinct the finer themesh 
of the braid. The attenuation of the pressure is desirable but 
should not be too pronounced. 
0100 However, there is the possibility of the pressure 
reduction promoting a degeneration of the cells of the aneu 
rysm wall 34. Particularly as a result of the reduced mechani 
cal stress of the aneurysm wall 34, there is the danger of the 
cells of the aneurysm wall degenerating or breaking down, 
thereby increasing the danger of a rupture even after insertion 
of an aneurysm stent 40. 
0101. An aneurysm 31 is also influenced by the tangential 
blood flow or vessel flow F, as is illustrated in FIG.2a. The 
vessel flow F results in shear stresses occurring at the inter 
faces between the blood inside the aneurysm 31 and the blood 
inside the blood vessel 30, which leads to an eddy flow F. 
inside the aneurysm 31. The influence of the shear stress 
triggered by the vessel flow F is reduced by the use of a 
conventional aneurysm stent 40, as is shown in FIG. 2b. The 
eddy flow Finside the aneurysm 31 is thereby reduced. The 
reduction in the eddy flow F has on the one hand the advan 
tage that clotting in the aneurysm is improved. On the other 
hand, however, an excessive reduction of the eddy flow F. 
can promote the degeneration of cells of the aneurysm wall 
34. Moreover, an exchange of blood between the blood in the 
aneurysm 31 and the blood vessel 30 is impeded, with the 
result that the aneurysm wall 34 is in some cases insufficiently 
supplied with nutrients. Too great a reduction of the flow can 
lead to the formation of clots that grow too rapidly. 
0102 FIG.3a shows the influence of the vessel flow F on 
an aneurysm 31 in the untreated state, when the aneurysm 31 
is arranged in a curvature of the blood vessel 30. The aneu 
rysm 31 is in this case affected directly by the vessel flow F. 
since the vessel flow F impinges locally on the aneurysm 
wall 34 in an attack region36. The vessel flow F is deflected 
in the attack region36. The aneurysm wall 34 is exposed to an 
increased pressure load in the attack region 36. A conven 
tional aneurysm stent 40 inserted into the blood vessel 30 
offers a resistance to the vessel flow F, such that the flow 
fraction or blood fraction that flows into the aneurysm 31 is 
reduced. Thus, a conventional aneurysm stent 40 causes a 
reduction of the flow velocity into the aneurysm. Specifically, 
a through-flow F, through the aneurysm neck 32 of the aneu 
rysm is reduced. At the same time, the resistance that the 
conventional aneurysm stent 40 offers to the blood flow or 
vessel flow F brings about a change of the pressure wave or 
of the pressure profile within the aneurysm, thereby promot 
ing the degeneration of the cells of the aneurysm wall 34. This 
applies in particular to stents with a fine-meshed structure, 
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which additionally have a high degree of bendability and 
therefore fit well into the curvature of the blood vessel 30 
(FIG. 3b). By contrast, conventional aneurysm stents 40 with 
a wide-meshed structure have a higher radial force, which has 
the effect that the blood vessel 30 stretches, as is shown in 
FIG. 3c. The elongation of the blood vessel 30 has the effect 
of reducing the fraction of the vessel flow F conveyed 
directly into the aneurysm 31. However, the wide-meshed 
structure of known stents 40 of this type permits at the same 
time a large flow of blood into the aneurysm 31, particularly 
as a consequence of shear stresses, such that the aneurysm is 
under a considerable load. 

0103 Conventional aneurysm stents 40, in particular con 
ventional aneurysm stents 40 with a fine-meshed structure, 
are additionally influenced by the periodic vascular changes 
of the blood vessel 30. FIG. 4a shows that during the systole, 
i.e. during a pressure peak in the profile of the blood pressure, 
the blood vessel 30 on the one hand experiences radial expan 
Sion, i.e. has a widening W. and on the other hand is stretched 
in the longitudinal direction. In addition to the widening W, an 
elongation E of the blood vessel 30 also takes place during the 
systole. On account of the foreshortening effect explained at 
the outset, the widening W and elongation E of the blood 
vessel 30 cause a narrowing R of the conventional aneurysm 
stent 40. The narrowing R is seen in particular in the area of 
the aneurysm 31. As a result, the circumferential wall of the 
conventional aneurysm stent 40 moves away from the aneu 
rysm neck 32, as is shown in FIG. 4a. The considerable 
danger of dislocation of the conventional aneurysm stent 40 is 
heightened by the widening of the vessels and the narrowing 
R. Moreover, the influence on the eddy flow Fis reduced in 
the area of the aneurysm 31. The effectiveness of the treat 
ment of the aneurysm 31 is therefore diminished. Specifi 
cally, the structure of conventional aneurysm stents 40 shows 
substantially an inverse reaction during the systole. Whereas 
the blood pressure assumes a maximum locally in the systole, 
at the same time the aneurysm stent 40 narrows. In other 
words, the circumferential wall of the conventional aneurysm 
stent 40 moves against the rise in pressure. In this way, the 
through-flow F, through the meshes of the conventional 
aneurysm stent 40 into the aneurysm 31 is increased. This 
effect is illustrated in FIG. 4b. 

0104 Conventional aneurysm stents 40 with a large braid 
ing angle, as shown in FIG.5a, are known from the prior art. 
Conventional aneurysm stents 40 with a large braiding angle 
have the property of being able to follow an elongation E of 
the blood vessel, without experiencing severe narrowing R. 
As a whole, the structure of aneurysm stents 40 of this kind is 
relatively dimensionally stable in the radial direction (low 
compliance). Such that they additionally have a strong influ 
ence on the transfer of pressure from the blood vessel 30 into 
the aneurysm 31. The pressure P in the aneurysm 31 is 
reduced as a whole, as is shown in FIG. 1C. 
0105 FIG. 5b shows a conventional aneurysm stent 40 
that has a small braiding angle. Known stents of this kind have 
increased flexibility, but this means that a narrowing R of the 
conventional aneurysm stent 40 occurs in the event of an 
elongation E of the blood vessel 30, with the disadvantages 
described above. 

0106 FIG. 6a shows a cross-sectional view of the known 
aneurysm stent 40 according to DE 601 28 588 T2 in the 
compressed state inside a delivery system 20. The known 
aneurysm stent 40 has two layers of wire braids, wherein the 
wire braids of the two layers are interwoven. A first wire braid 
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has first wires 41, which have a larger cross-sectional diam 
eter than second wires 42 of a second layer of the conven 
tional aneurysm stent 40. The interweaving of the first and 
second wires 41, 42 means that, in the compressed State inside 
the delivery system 20, the first and second wires 41, 42 are in 
a complex arrangement and need a large amount of space in 
the compressed state. 
0107. By contrast, in the illustrative embodiment accord 
ing to the invention, provision is made that the medical device 
comprises a tubular body 10. The device is designed in par 
ticular as a stent. The tubular body 10 has a circumferential 
wall, which comprises a first lattice structure 11 and a second 
lattice structure 12. The first and second lattice structures 11, 
12 each form separate layers 14, 15 of the circumferential 
wall. The lattice structures 11, 12 of the tubular body 10 
according to the invention are therefore independent of each 
other at least in Some sections, preferably along the whole of 
the lattice structure. The lattice structures 11, 12 are con 
nected to each other at points. In particular, the circumferen 
tial wall of the tubular body can comprise a circumferential 
line in which the first lattice structure 11 is connected to the 
second lattice structure 12. In particular, a single connecting 
line between the first lattice structure 11 and the second lattice 
structure 12 can be provided which extends in the circumfer 
ential direction about the tubular body 10. It is explicitly 
noted that the connection between the first lattice structure 11 
and the second lattice structure 12, and possibly further lattice 
structures, does not take place across an extensive surface 
area but instead substantially in a line shape. 
0108. As a result of the separate layers that each comprise 
a lattice structure 11, 12, the space taken up by the tubular 
body 10 in the compressed state is reduced, as is shown in 
FIG. 6b. FIG. 6b shows a cross section through the tubular 
body 10 which, in the expanded state, comprises two layers 
14, 15 that are arranged in the shape of a hollow cylinder (see 
FIG. 12 for example) and that each have a lattice structure 11, 
12. An inner layer 15 is provided, which has the second lattice 
structure 12. An outer layer 14, which surrounds the inner 
layer 15, comprises the first lattice structure 11. The layered 
and concentric arrangement of the two lattice structures 11, 
12 is maintained in the compressed State, as is illustrated in 
FIG. 6b. 

0109. The wires 112 of the first, outer lattice structure 11 
have a cross-sectional diameter that is Smaller than the cross 
sectional diameter of the wires 122 of the second, inner lattice 
structure 12. The tubular body according to FIG. 6b is 
arranged inside a delivery system 20. As a result of the 
reduced space taken up by the tubular body 10 compared to 
conventional aneurysm stents 40, it is possible to use a 
smaller delivery system 20. The medical device can therefore 
be introduced into smaller blood vessels. 

0110. It will also be seen from FIG. 6b that the first lattice 
structure 11 and the second lattice structure are arranged 
coaxially one inside the other. The first lattice structure 11 and 
the second lattice structure 12 are also movable relative to 
each other at least in Some sections. Specifically, the first and 
second lattice structures 11, 12 are movable relative to each 
other outside the linear or punctiform connection between the 
first and second lattice structures 11, 12. The relative mobility 
applies in particular to the individual wires 112, 122 of the 
first and second lattice structures 11, 12. In particular, the 
wires 112 of the first lattice structure 11 can slide on the wires 
122 of the second lattice structure 12, and vice versa. 
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0111. In the illustrative embodiment according to the 
invention shown in FIG. 6b, the wires 112 of the first lattice 
structure 11 are thicker than the wires 122 of the second 
lattice structure 12. It is also possible that the wires 112, 122 
of the lattice structures 11, 12 have the same cross-sectional 
diameter. Moreover, the wires 122 of the second lattice struc 
ture 12 can have a larger cross-sectional diameter than the 
wires 112 of the first lattice structure 11. For the improved 
crimpability of the tubular body 10, or of the device generally, 
it is advantageous if the inner layer 15 is composed of a 
relatively smaller number of thicker wires 122 and the outer 
layer 14 is formed by a comparatively greater number of 
thinner wires. 
0112 In general, it has proven advantageous if one layer 
14, has a finer mesh structure than the other layer 15, 14. In 
other words, one of the two layers 14, 15 can comprise more 
wires 112, 122 than another layer 14, 15. The wires 112, 122 
can in this case be thinner than the wires 112, 122 of the other 
layer 15, 14. It is possible that the more finely meshed layer 
14, 15 has a larger or a smaller braiding angle than the com 
paratively wide-meshed layer 15, 14. Combinations of the 
aforementioned variants are possible. 
0113. It is particularly preferable if the fine-meshed layer 

is the outer layer 14 and the wide-meshed layer is the inner 
layer 15. 
0114 Generally, the device preferably has a tubular body 
10 comprising an outer layer 14 and an inner layer 15. The 
device can be a stent. The outer layer 14 is formed by the first 
lattice structure 11 and the inner layer 15 is formed by the 
second lattice structure 12. The second lattice structure 12 
preferably has a wide-meshed wire braid. By contrast, the 
first lattice structure 11 has a fine-meshed wire braid. The 
wide-meshed wire braid of the second lattice structure 12thus 
forms a carrier 18, whereas the fine-meshed wire braid of the 
first lattice structure 11 forms a net 19. 
0115 Generally, it is possible that both layers, that is to say 
the outer layer 14 and the inner layer 15, are designed alike. 
The layers 14, 15 can thus have the same fine-meshed struc 
ture and/or the same number of wires and/or the same wire 
thickness and/or the same braiding angles. All combinations 
of the aforementioned variants are possible. The connection 
of the lattice structures means that they are oriented relative to 
each other or have braiding patterns oriented relative to each 
other. 

0116. It will further be noted that the invention is not 
limited to structures having two layers. Instead, the scope of 
the application also claims and discloses tubular bodies 10 or 
stents that comprise a circumferential wall with three or more 
separate layers. Some or all of the layers can be constructed 
according to the invention. 
0117 Particularly advantageous configurations of the car 
rier 18 are described below: 
0118. The carrier 18 or the second lattice structure 12 
preferably has at most 32 wires 122, in particular at most 24, 
in particular at most 20, in particular at most 16, in particular 
at most 12, in particular at most 8, in particular at most 6. The 
wires 122 of the second lattice structure 12 or of the carrier 18 
preferably have a cross-sectional diameter of at least 40 um, 
in particular at least 50 um, in particular at least 60 um, in 
particular at least 68 um, in particular at least 75 um, in 
particular at least 84 um, in particular at least 100 Lum. This 
applies to medical devices for use in blood vessels 30 that 
have a cross-sectional diameter of 2 mm to 6 mm. If the blood 
vessel 30 to be treated has a cross-sectional diameter of 
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greater than 6 mm, the wires 122 of the second lattice struc 
ture 12 or of the carrier 18 preferably have a cross-sectional 
diameter of at least 40 um, in particular at least 50 um, in 
particular at least 60 um, in particular at least 68 yum, in 
particular at least 75 um, in particular at least 84 um, in 
particular at least 100 um, in particular at least 150 um, in 
particular at least 200 um. 
0119. In principle, the circumferential wall of the tubular 
body 10 can comprise more than one carrier 18. 
I0120 Generally, the carrier 18 or the second lattice struc 
ture 12 has a high degree of bendability, and the bending of 
the second lattice structure 12 or of the carrier 18 along a 
longitudinal axis of the second lattice structure 12 requires a 
relatively high bending force or a relatively high bending 
moment. This means that the carrier 18 causes an elongation 
of a curved blood vessel 30. The carrier 18thus contributes to 
reducing the flow component of vessel flow F. flowing 
directly into the aneurysm 31. The direct inflow of the vessel 
flow F into the aneurysm 31 is thus reduced. 
I0121 The carrier 18 can in the widest sense be a support 
ing structure or carrying structure for the net 19. It is prefer 
able that the carrier 18 is arranged coaxially inside the net 19. 
In this way, the carrier 18 or the second lattice structure 12 can 
be used to stabilize the net 19 or the first lattice structure 11. 
In particular, the expansion behavior of the net 19 can be 
controlled by the carrier 18. 
I0122) The carrier 18 preferably forms the inner layer 15 of 
the tubular body 10. Alternatively, the carrier 18 can form the 
outer layer 14. In this way, the carrier 18 permits good stabi 
lization of the blood vessel 30 and an expansion of the tubular 
body 10 up to a pre-defined cross-sectional diameter. Overall, 
the carrier 18 permits good and controllable expansion of the 
tubular body 10 and of the net inside the carrier 18. 
(0123 Preferred variants of the net 19 or of the first lattice 
structure 11 are described below: 
0.124. The net 19 preferably has finer meshes than the 
carrier 18. Thus, the net 19 mainly has the function of influ 
encing the flow in relation to the aneurysm 31. 
(0.125. The fine-meshed structure of the net 19 is preferably 
limited to the extent that flow of blood into the aneurysm 31 
is not completely prevented. Instead, the net 19 is intended, on 
the one hand, to prevent a rupture of the aneurysm 31 and, on 
the other hand, to maintain Sufficient nutrient Supply and 
mechanical loading of the aneurysm wall 34, Such that a 
degeneration of the cells of the aneurysm wall 34 is avoided. 
As regards the fine-meshed nature of the net 19, it is therefore 
advantageous if the net 19 has at most 48 wires 112, in 
particular at most 44, in particular at most 40, in particular at 
most 36, in particular at most 32, in particular at most 24, in 
particular at most 20, in particular at most 16, in particular at 
most 12. The net 19 is stabilized by the carrier 18, such that 
the net 19 does not have to meet any particular requirements 
as regards the radial force. In order to improve the crimpabil 
ity, provision is therefore advantageously made to reduce the 
wire diameter of the wires 112 of the first lattice structure 11 
or of the net 19 in relation to the cross-sectional diameter of 
the wires 122 of the second lattice structure 12 or of the carrier 
18. Preferably, the wires 112 of the first lattice structure 11 or 
of the net 19 have a cross-sectional diameterofat most 77 um, 
in particular at most 51 um, in particular at most 46 um, in 
particular at most 41 um, in particular at most 36 um, in 
particular at most 26 Jum, in particular at most 20 Lum. This 
applies to the use of the tubular body 10, or generally of the 
medical device, in blood vessels 30 that have a vessel diam 
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eter of 2 mm to 6 mm. If the vessel has a diameter of greater 
than 6 mm, it is advantageous if the wires 112 of the first 
lattice structure 11 or of the net 19 have a cross-sectional 
diameter of at most 155um, in particular at most 105um, in 
particular at most 77 um, in particular at most 51 um, in 
particular at most 46 um, in particular at most 41 um, in 
particular at most 36 um, in particular at most 26 Jum, in 
particular at most 20 Jum. 
0126. The net 19 preferably forms the outer layer 14 of the 
tubular body 10. The highly flexible net 19 is supported by the 
carrier 18 during the expansion of the tubular body 10 and 
forced into the expanded state. The interaction between car 
rier 18 and net 19 prevents a situation where the net 19 does 
not deploy sufficiently in the blood vessel 30. The carrier 18 
forming the inner layer 15 preferably supports the net 19 
along the entire length of the net 19. 
0127. The first lattice structure 11 and the second lattice 
structure 12 are connected to each other at points. The con 
nection of the first lattice structure 11 to the second lattice 
structure 12 preferably takes place at a proximal end of the 
tubular body 10. In particular, the first lattice structure 11 has 
a proximal end 110, which is connected to a proximal end 120 
of the second lattice structure 12. 

0128. It will be noted here that, in the context of the appli 
cation, proximal elements are arranged closer to the user than 
distal elements. 

0129. The first lattice structure 11 and the second lattice 
structure 12 preferably each have an obliquely tapering proxi 
mal end 110, 120. The wires 112, 122 of the first lattice 
structure 11 and of the second lattice structure 12 converge at 
the obliquely arranged proximal ends 110, 120. The converg 
ing wires 112, 122 are connected to each other. Such a con 
nection of the first and second lattice structures 11, 12 is 
shown by way of example in FIG. 8. According to the illus 
trative embodiment in FIG. 8, the connection of the converg 
ing wires 112, 122 of the first lattice structure 11 and of the 
second lattice structure 12 is effected by a connecting sleeve 
17. The converging wires 112, 122 of the first and second 
lattice structures 11, 12 can run parallel to each other in the 
area of the connecting sleeve 17 or can be twisted together. 
Moreover, provision can be made that the wires 112 of the 
first lattice structure 11 completely enclose the wires 122 of 
the second lattice structure in the area of the connecting 
sleeve 17. This corresponds substantially to the arrangement 
as shown in the cross-sectional view according to FIG. 6b. 
Conversely, it is also possible that the wires 122 of the second 
lattice structure 12 completely enclose the wires 112 of the 
first lattice structure 11 in the area of the connecting sleeve 17. 
Other types of connection are possible. For example, the first 
lattice structure 11 and the second lattice structure 12, or the 
net 19 and the carrier 18, can be connected to each other in a 
middle area of the tubular body 17. Moreover, a connection 
between the first and second lattice structures 11, 12, between 
net 19 and carrier 18, at a distal end of the tubular body 10 is 
conceivable, e.g. at the loops of the lattice structure. A con 
nection in the oblique area is possible. 
0130 Preferably, the lattice structures 11, 12 have a wire 
braid that has an oblique profile at a proximal end 110, 120 or 
generally at an axial end of the respective lattice structure 11, 
12. Such wire braids are described in the later published 
German patent application No. 10 2009 056 450, which was 
filed by the applicant and which by reference is incorporated 
in full into the present application. 
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I0131. In order to achieve the dual function according to the 
invention, namely that of sufficiently fixing the tubular body 
10 or stent in the blood vessel 30, and that of deliberately 
influencing the flow into an aneurysm 31 without promoting 
a degeneration of the muscle cells of the aneurysm wall 34, it 
is expedient to deliberately adjust the braiding angles of the 
individual wire braids or lattice structures 11, 12. Preferred 
illustrative embodiments for different braiding angles are 
described below: 
0.132. In conventional aneurysm stents 40, provision is 
made to choose the braiding angle to be as large as possible, 
so that the aneurysm neck 32 is closed as far as possible. The 
disadvantage of Such treatment possibilities lies in an 
increased risk of bleeding, as a result of degeneration of the 
cells of the aneurysm wall and the formation of increasingly 
large fresh clots, a high degree of foreshortening, which 
makes positioning of the conventional aneurysm stents 40 
difficult, and an insufficient adaptation to variable vessel 
diameters. It generally applies that, upon a change of diam 
eter, the change of length of a conventional aneurysm stent is 
all the greater, the larger the chosen braiding angle. This 
makes a reproducible and adjustable configuration of known 
aneurysm stents 40 difficult. 
I0133. Therefore, in the medical device, provision is 
advantageously made for the braiding angle to be limited. In 
particular, it has proven expedient if the braiding angle is at 
most 70°, in particular at most 67, in particular at most 65°, 
in particular at most 63, in particular at most 60°. The braid 
ing angle relates to the acute angle that is formed between a 
wire of the lattice structure and the longitudinal axis of the 
tubular body 10. It was found that with a braiding angle of 
60°, a shortening of the respective lattice structure 11, 12 
during expansion, i.e. during the transfer of the tubular body 
10 from a compressed state to an expanded State, amounts to 
50%. This means that the lattice structure 11, 12 with a 
braiding angle of 60°, which has a length of 40 mm in the 
compressed state, i.e. inside the delivery system 20, has a 
length of 20 mm or slightly over 20 mm in the expanded state, 
particularly in the blood vessel 30. 
0.134 Preferably, a braiding angle for the first lattice struc 
ture 11 or the second lattice structure 12 is provided which is 
at most 60°, in particular at most 59°, in particular at most 58. 
in particular at most 57, in particular at most 56°, in particu 
lar at most 55°, in particular at most 54°, in particular at most 
53°, in particular at most 52, in particular at most 51°, in 
particular at most 50°, in particular at most 45°. This has the 
effect that the shortening of the tubular body 10, during the 
expansion or the release into a blood vessel 30, varies within 
an acceptable range. The foreshortening effect is thereby 
reduced. Since the tubular body 10 is usually overdimen 
Sioned, that is to say has a larger cross-sectional diameter in 
the production state than in the implanted state within the 
blood vessel 30, the respective lattice structure 11, 12 in the 
blood vessel 30 has a braiding angle of approximately 30° to 
50°, such that the tubular body 10 has comparatively good 
flexibility. 
0.135. In this connection, it will be noted that the dimen 
sions specified for the medical device, in particular for the 
tubular body 10, in the context of the application relate in 
principle to the production state, unless indicated otherwise. 
0.136. The first lattice structure 11 and the second lattice 
structure 12, or the net 19 and the carrier 18, can have differ 
ent braiding angles. This means that different foreshortening 
effects arise during the expansion of the tubular body 10. In 
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other words, upon release of the tubular body 10 from a 
delivery system 20, the carrier 18 and the net 19, which have 
different braiding angles, exhibit a different foreshortening 
behavior. This also applies in the implanted state when blood 
pressure fluctuations resulting from the pulsatile blood flow 
act on the tubular body 10. The two layers 14, 15, i.e. the 
carrier 18 and the net 19, are therefore influenced differently 
by the pulsatile blood flow. In a particularly preferred manner, 
provision can be made that a gap 16 forms between the carrier 
18 and the net 19, or between the outer layer 14 and the inner 
layer 15, in particular between the first lattice structure 11 and 
the second lattice structure 12. The gap 16 can act as a cush 
ion. The gap can be obtained, for example, when the braids 
are connected in a punctiform manner in one area and have 
different braiding angles in at least one area. The braiding 
angle can vary along the longitudinal axis. 
0.137 In a preferred variant, the braiding angle of the car 
rier 18 is smaller than the braiding angle of the net 19. This 
means that, upon release from a delivery system, the net 19 
shortens to a greater extent than the carrier 18. In this way, the 
positioning of the tubular body 10 as a whole can be simpli 
fied, since the carrier 18 exhibits a minor foreshortening 
effect during the expansion. Generally, the tubular body 10 is 
released from a delivery system 20, when the delivery system 
with the compressed tubular body 10 has been guided to the 
treatment site. The delivery system 20 is then pulled in the 
proximal direction, whereas the tubular body 10 is kept fixed 
in position. In order to compensate for the foreshortening, 
provision can be made for a proximal end of the tubular body 
10 to be pushed slightly in the distal direction simultaneously 
with the proximal movement of the delivery system 20. This 
ensures that the outer layer 14 of the tubular body 10 is not 
pulled along the vessel wall 35 of the blood vessel 30 and does 
not damage the vessel wall 35. The fact that the carrier 18 has 
a smallerbraiding angle than the net 19 means that, during the 
expansion of the tubular body 10, the proximal end 120 of the 
second lattice structure 12 or of the carrier 18 has to be pushed 
only a short distance in the distal direction against the fore 
shortening. This therefore facilitates the positioning of the 
tubular body 10 or of the multi-layerstent. By contrast, the net 
19 or the first lattice structure 11 experiences greater short 
ening, as a result of which the fine mesh of the net 19 increases 
during the expansion. In this way, a very considerably fine 
mesh can be achieved using an overall Smaller number of 
wires 112, 122. 
0138 Moreover, the outer element, or the outer lattice 
structure, can have a Smaller foreshortening than the inner 
element, or the inner lattice structure, such that the outer 
element bears well on the vessel wall. 

0139 FIG.9 shows the release of the tubular body 10 from 
a delivery system 20 into a blood vessel 30. Upon release of a 
distalend of the tubular body 10, the distalend 115 of the first 
lattice structure 11 and the distal end 125 of the second lattice 
structure 12 first of all deploy simultaneously and at the same 
height. When the delivery system 20 is pulled farther back in 
the proximal direction, a relative movement takes place 
between the first lattice structure 11 and the second lattice 
structure 12, since, with further release of the tubular body 10, 
the foreshortening effect of the first lattice structure 11 is 
more pronounced than in the second lattice structure 12. A 
proximal displacement of the net 19 with respect to the carrier 
18thus takes place. This proximal displacement of the net 19 
with respect to the carrier 18 is caused by the larger braiding 
angle of the net 19. Preferably, the net 19 is arranged on the 
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outside of the carrier 18. The net 19 thus forms the outer layer 
14 of the circumferential wall of the tubular body 10. By 
contrast, the carrier 18 forms the inner layer 15 of the circum 
ferential wall. Alternatively, provision can be made that the 
net 19 forms the inner layer 15 and the carrier 18 forms the 
outer layer 14. This has the advantage that the net 19 can slide 
on wires 122 of the carrier8 during the expansion. The net 19 
arranged on the outside has a smaller braiding angle than the 
carrier 18, and therefore also a smaller foreshortening effect 
then the carrier 18. 

0140. When the net in the preferred embodiment forms the 
outer layer 14, the contact between the tubular body 10 and 
the vessel wall 35 of the blood vessel30 is established initially 
by the net 19. To compensate for the slight foreshortening of 
the carrier 18, the lattice structures 11, 12, or the proximal end 
of the tubular body 10, are pushed in the distal direction. The 
inner carrier 18, or the inner layer 15, thus moves in the distal 
direction. The carrier 18 can slide along the vessel wall 35. 
Since the carrier 18 has a relatively small braiding angle, it is 
possible to push the carrier 18 along the vessel wall 35, 
without the carrier 18 or the second lattice structure 12 being 
squashed together. With the comparatively small braiding 
angle of the carrier 18, the wires 22 of the second lattice 
structure 12, or of the carrier 18, have a directional compo 
nent which is particularly pronounced in the longitudinal 
direction, that is to say parallel to the longitudinal axis, of the 
tubular body 10. Thus, pushing the carrier 18 or the second 
lattice structure 12 does not necessarily lead to a change in the 
pitch or braiding angle of the wires 122 of the second lattice 
structure 12. Thus, by means of the small braiding angle of the 
carrier 18, squashing together of the carrier 18 is avoided 
during a distal movement of the carrier 18. 
0.141. After complete expansion of the tubular body 10, 
the carrier 18 or the second lattice structure 12 has a greater 
lengthwise extent than the net 19 or the first lattice structure 
11. The net 19 is therefore subject to a greater foreshortening 
effect than the carrier 18, such that the carrier 18, in the 
expanded state of the tubular body 10, is not covered com 
pletely by the net 19 but only partially or in some sections 
(FIG. 10). In the compressed state, the net 19 is longer than 
the carrier 18. In the expanded state, the length of the net 19 
and of the carrier 18 can correspond to each other or the 
difference in length can diminish. 
0142. As a result of the different braiding angles between 
the first lattice structure 11 and the second lattice structure 12, 
the first lattice structure 11 and the second lattice structure 12, 
or the net 19 and the carrier 18, have a different behavior 
during pulsation of the vessel. In the implanted State inside 
the blood vessel 30, a gap 16 can form between the first lattice 
structure 11 and the second lattice structure 12 or between the 
net 19 and the carrier 18, in particular during the systole. As 
a result of the elongation E of the blood vessel 30 during the 
systole, the foreshortening effect means that the carrier 18, 
which has a comparatively small braiding angle, is narrowed 
at least in some sections, or has a narrowing Rat least in some 
sections. By contrast, during the systole and the elongation E 
of the blood vessel, the net 19 exhibits no narrowing R, or at 
least much less narrowing R. Thus, a gap 16 oran interstice or 
cushion forms between the carrier 18 and the net 19. FIG. 11 
shows as an example the behavior of the lattice structures 11, 
12, or of the carrier 18 and net 19, with different braiding 
angles during an elongation E of the blood vessel. 
0143. The net 19 is preferably adapted such that the net 19 
can follow the pulsation of the blood vessel 30. In particular, 
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the net 19 has an increased mobility with respect to the carrier 
18, which can be achieved, for example, by suitably small 
wire diameters and/or suitable adjustment of the braiding 
angle. During the systole, i.e. the rise in blood pressure, a 
through-flow F, is brought about, with blood flowing out of 
the blood vessel 30 into an aneurysm 31 and leading to a 
volume increase in the aneurysm 31. The high degree of 
expansibility of the net 19 allows a portion of the net to move 
radially outward or be deflected radially outward, with the net 
19 following the movement of the blood in some sections. A 
flow of blood through the meshes of the net 19 is thus 
impeded. The expansibility of the net 19 is preferably 
adjusted such that the net 19, in terms of its deflection by the 
blood stream into the aneurysm 31, has an inertia or a resis 
tance to the blood stream. The net 19 thus follows the rise in 
blood pressure during the systole by means of a radially 
outward movement. The flow of blood through the meshes of 
the net 19 into the aneurysm 31 is at the same time reduced. 
FIG. 12 shows the radial deflection of the net 19 in some 
sections, under the influence of the systolic rise in blood 
pressure. The transfer of pressure takes place only to a certain 
extent, thus resulting in clot formation and reduced degenera 
tion of the cells. The transfer of pressure can be controlled by 
means of the possibility of being able to adjust the expansi 
bility of the net 19, for example through the choice of the 
braiding angle. 

0144. The deflection of the net 19 into the aneurysm 31 has 
several advantages. On the one hand, the flexible net 19 
permits the transfer of the pressure wave into the aneurysm. 
Although a stream of blood into the aneurysm is impeded, the 
pressure P is, by contrast, transferred into the blood volume of 
the aneurysm 31. A periodic loading of the cells of the aneu 
rysm wall 34 is thus maintained, thereby counteracting a 
degeneration of the cells. At the same time, the direct through 
flow of blood, i.e. the through-flow F, is reduced, thereby 
promoting the endothelialization of the tubular body 10. The 
colonization of endothelial cells and the adherence of the 
endothelial cells to the tubular body 10 is made easier by the 
reduced through-flow F. In particular, the closure of the 
meshes of the lattice structures 11, 12 is made easier, since 
there is only a slight through-flow F, if any, through the 
meshes of the first lattice structure 11 or of the net 19. 

0145. It has generally been shown that it is advantageous 
to make available a lattice structure which is flexible in such 
away that it can be deflected at least in Some sections into the 
aneurysm 31. This is made possible, for example, by a lattice 
structure which has a comparatively small braiding angle. 
However, a lattice structure of this kind experiences increased 
narrowing Rif the blood vessel 30, for example on account of 
the pulsation, is subject to an elongation E. Lattice structures 
with a large braiding angle do not exhibit this effect. Specifi 
cally, a lattice structure with a large braiding angle permits 
considerable elongation, without any significant change of 
the cross-sectional diameter. However, lattice structures of 
this kind do not permit outward bulging in some sections, for 
example into an aneurysm 31. 
0146 Both effects are achieved with the device according 
to the invention, the functions being assigned to different 
lattice structures 11, 12. The second lattice structure 12 or the 
carrier 18 permits the precise and reliable positioning of the 
tubular body 10 in the blood vessel 30. By contrast, the net 19 
makes it possible to influence the flow of blood into the 
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aneurysm 31, while at the same time permitting a transfer of 
the blood pressure. The post-operative risk of a rupture of the 
aneurysm 31 is thus reduced. 
0147 FIG. 7 shows a further illustrative embodiment of 
the medical device, wherein the net 19 or the first lattice 
structure 11 has different braiding angles. In particular, the 
first lattice structure 11 comprises a middle section 111 and 
two edge sections 116, wherein the middle section 111 is 
arranged between the edge sections 116. In the middle section 
111, the first lattice structure 11 has a smaller braiding angle 
than in the edge sections 116. The comparatively larger braid 
ing angle in the edge sections 116 has the effect that the edge 
sections 116 compensate for the elongation E of the blood 
vessel 30, because they are able to undergo elongation with 
out a significant change of diameter. In particular, transition 
sections 113 form between the middle section 111 and the 
edge sections 116, which transition sections 113 are high 
lighted by the dotted lines in FIG. 7. In the transition sections 
113, a shortening Ktakes place in an orientation counter to the 
elongation E of the blood vessel 30. The middle section 111 
has a greater expansibility than the edge sections 116. Such 
that the middle section 111, under the influence of a systolic 
rise in blood pressure, can have a greater shortening than the 
edge sections 116. The middle section 111 canthus follow the 
rise in blood pressure, such that the net 19 or the first lattice 
structure 11 in the middle section 111 can bulge out into the 
aneurysm 31 or can form a bulge B. For the sake of clarity, the 
carrier 18 or the second lattice structure 12 is not shown in 
FIG. 7. 

0.148. A further illustrative embodiment is shown in FIG. 
13, wherein provision is made that the net 19 has a shorter 
lengthwise extent than the carrier 18. Particularly in the 
implanted state inside the blood vessel 30, the net 19 or the 
first lattice structure 11 has a substantially shorter lengthwise 
extent than the carrier 18 or the second lattice structure 12. 
Preferably, the tubular body 10 is positioned in the blood 
vessel 30 in such a way that the distal end 115 of the first 
lattice structure 11 or of the net 19 is arranged in the area of 
the aneurysm neck 32. The distal end 115 of the first lattice 
structure forms a free end. By contrast, the proximal end 110 
of the first lattice structure 11 is connected to the proximal end 
120 of the second lattice structure 12. The free end or distal 
end 115 of the first lattice structure 11 can expand radially 
outward. The distal end 115 of the first lattice structure 11 or 
of the net 19 is thus deflected radially outward into the aneu 
rysm 31 or into the area of the aneurysm neck 32. In other 
words, the net 19 can be deflected in some sections into the 
aneurysm 31. During a systolic rise in blood pressure, the net 
19 therefore moves with the blood pressure increase into the 
aneurysm 31, such that the through-flow F, through the 
meshes of the net 19 is reduced. The distal end is longer and 
ensures the adherence. 

0149. A further illustrative embodiment is shown in FIG. 
14, wherein the tubular body 10 comprises a circumferential 
wall which has an inner layer 15 and an outer layer 14. The 
inner layer 15 is formed by the second lattice structure 12, 
which is designed as carrier 18. The outer layer 14 has the first 
lattice structure 11 and a third lattice structure 13, wherein the 
first lattice structure 11 and the third lattice structure 13 each 
form a net 19. The first and third lattice structures 11, 13 are 
each connected with their proximal ends 110, 130 to the 
second lattice structure 12. The distal ends 115, 135 of the 
first lattice structure 11 and of the third lattice structure 13 are 
arranged free. The proximal end 130 of the third lattice struc 
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ture 13 is connected to the second lattice structure 12 sub 
stantially at the level of the distal end 115 of the first lattice 
structure 11. This results Substantially in a scale-like arrange 
ment of the first and third lattice structures 11, 13. The first 
lattice structure 11 and the third lattice structure 13 can also 
overlap each other at least in some sections or can be arranged 
at a distance from each other. 

0150. The first lattice structure 11 and the third lattice 
structure 13, or the nets 19, can have a valve-like function. By 
means of the free mobility of the distal ends 115, 135, the nets 
19 or the first and third lattice structures 11, 13 permit a 
certain transfer of pressure into the aneurysm 31. At the same 
time, the valve function of the nets 19 permits the delivery of 
additional treatment devices into the aneurysm 31. Such treat 
ment devices can comprise a coil catheter 21, for example. 
0151. In principle, the invention is not limited to two nets 
19 or two lattice structures 11, 13 that form the outer layer 14. 
Instead, provision is also made, within the context of the 
invention, that three or more nets 19 or lattice structures 11, 
13 form the outer layer 14 of the circumferential wall of the 
tubular body 10. 
0152 FIG. 15a shows a further illustrative embodiment, 
which differs from the illustrative embodiment according to 
FIG. 14 in that the first lattice structure 11 and the third lattice 
structure 13 are oriented substantially in opposite directions. 
Specifically, in the illustrative embodiment according to FIG. 
15a, provision is made that the first lattice structure 11 com 
prises a proximal end 110 which is connected to the proximal 
end 120 of the second lattice structure 12. The distal end 115 
of the first lattice structure 11 is arranged free. By contrast, the 
third lattice structure 13 comprises a distal end 135 which is 
connected to the distal end 125 of the second lattice structure 
12. The proximal end 130 of the third lattice structure 13 is 
arranged free. Moreover, in the illustrative embodiment 
according to FIG. 15a, provision is made that the free ends, 
i.e. the distal end 115 of the first lattice structure 11 and the 
proximal end 130 of the third lattice structure 13, overlap each 
other. This applies at least to the expanded or implanted State 
of the tubular body 10. Alternatively, provision can also be 
made that the first and third lattice structures 11, 13 do not 
overlap each other in the expanded or implanted state of the 
tubular body 10 and instead are arranged in alignment with 
each other, as is shown in FIG. 16a. 
0153. Moreover, in the illustrative embodiment according 

to FIG. 15a, provision is advantageously made that the nets 
19, or the first and third lattice structures 11, 13, overlap each 
other in the expanded State, but are arranged in alignment with 
each other in the compressed state of the tubular body 10. For 
this purpose, provision is advantageously made that, during 
the expansion of the tubular body 10, the carrier 18 or the 
second lattice structure 12 is shortened to a greater extent than 
the nets 19. At least one net 19 or a plurality of nets 19 have in 
particular a smaller braiding angle than the carrier 18, Such 
that the carrier 18 is considerably shortened during the expan 
sion of the tubular body 10, as a result of which the nets 19 
overlap in the expanded State. The overlapping ensures that 
the aneurysm neck 32 is completely covered. At the same 
time, the mobility of the free ends of the first and third lattice 
structures 11, 13 permits a relative movement of the two 
lattice structures 11, 13 or nets 19 to each other, such that an 
efficient transfer of pressure into the aneurysm 31 is enabled. 
At the same time, the overlapping of the first and third lattice 
structures 11, 13 in some sections increases the fineness of the 
mesh in the area of the aneurysm neck 32 and has an advan 

Aug. 22, 2013 

tageous influence on the flow of blood into the aneurysm 31. 
By contrast, to achieve this kind of mesh fineness with a 
single net 19 or a single lattice structure 11, a comparatively 
larger delivery system 20 is needed. 
0154 The aligned arrangement of the nets 19 inside the 
delivery system 20, i.e. in the compressed State, reduces the 
crimp diameter, such that small delivery systems 20 can be 
used (FIG. 15b). 
0.155. In the illustrative embodiment according to FIG. 
16a, provision is made that, in contrast to the illustrative 
embodiment according to FIG. 15a, the mutually opposite 
nets 19 or the first and third lattice structures 11, 13 have a 
comparatively larger braiding angle. This increases the fine 
mesh of the individual nets 19 or of the first and third lattice 
structures 11, 13. A configuration of this kind has the effect 
that the nets 19 shorten to a great extent during the expansion. 
In order to permit an exact positioning of the tubular body 10 
in the blood vessel, the carrier 18 or the second lattice struc 
ture 12 advantageously has, by contrast, a comparatively 
Small braiding angle, such that the foreshortening effect is 
reduced. 
0156. In the expanded or implanted state of the tubular 
body 10, the first lattice structure 11 and the third lattice 
structure 13 or the two nets 19 are preferably arranged in 
alignment with each other. The free ends of the first and third 
lattice structures 11, 13 can touch each other, such that the 
aneurysm 31 or the aneurysm neck 32 is completely covered 
by the first and third lattice structures 11, 13. In the com 
pressed state inside the delivery system 20, by contrast, the 
first and third lattice structures 11, 13 are superposed, as is 
shown in FIG. 16b. In order to achieve the smallest possible 
compressed cross-sectional diameter despite the Superposing 
or overlapping of the first and third lattice structures 11, 13 in 
the delivery system 20, provision is made that the nets 19, or 
the first and third lattice structures 11, 13, have a small num 
ber of wires. As a result of the comparatively large braiding 
angle that the first and third lattice structures 11, 13 adopt in 
the blood vessel 30, a very fine-meshed structure is guaran 
teed even with a small number of wires. Moreover, the cross 
sectional diameter in the compressed state of the tubular body 
10 is reduced on account of the small number of wires. The 
nets can also be arranged on the inside. 
0157. As has already been described, the adoption of dif 
ferent braiding angles in separate layers 14, 15 of the tubular 
body permits the formation of a gap 16 between the layers 14, 
15. In particular, in the expanded state of the tubular body 10, 
the net 19 can lift away from the carrier 18. The formation of 
a gap in a Suitably configured medical device is shown in FIG. 
17. The gap 16 permits additional influence of the flow con 
ditions in the aneurysm 31. By means of the gap 16, or the 
distance between the net 19 and the carrier 18, a cushion is 
basically obtained in which flow eddies arise that are pro 
duced by shear stresses between the blood inside the cushion 
or gap 16 and the vessel flow F. As a result of the floweddies 
in the gap 16, an energy loss occurs, by which means the flow 
velocities inside the aneurysm 31 are reduced. In particular, 
the vessel flow F does not cause a directeddy flow F in the 
aneurysm but initially an eddy flow in the gap 16. Although an 
exchange of blood is permitted between the blood vessel 30 
and the aneurysm 31, the flow velocities are reduced. At the 
same time, the expansibility of the net 19 permits a transfer of 
pressure into the aneurysm 31, Such that, in order to preserve 
the cells of the aneurysm wall 34, nutrients are conveyed to 
the cells via the blood and, moreover, a mechanical stress is 
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maintained that counteracts degeneration. At the same time, 
the net may permit a reduced or moderate transfer of pressure. 
0158 An illustrative embodiment of an overall system or 
of a device with carrier 18 and net 19 is shown in FIG. 18. The 
device according to FIG. 18 forms a retractable braid on 
account of the oblique tip in the proximal area of the device. 
The device is a stent, in particular an aneurysm stent. The 
basic design of the device, particularly in the area of the 
oblique tip, is disclosed in DE 10 2009 056 450 filed by the 
applicant. The basic design entails a braid of wire elements 
with a series of end meshes or end loops which delimit an 
axial braid end, wherein the end meshes comprise outer wire 
elements which form a terminal edge 46 of the braid and 
merge into inner wire elements arranged inside the braid. A 
first section of the terminal edge 46 and a second section of 
the terminal edge 46 in each case have several outer wire 
elements which together form a peripheral border of the ter 
minal edge 46. The border is adapted in such a way that the 
axial braid end of the hollow body can be drawn into a 
delivery system. The outer wire elements of the first section 
for forming the terminal edge 46 are arranged immediately 
downstream of the latter and each have a first axial component 
extending in the longitudinal direction of the hollow body. 
The outer wire elements of the second section for forming the 
terminal edge 46 are arranged in immediate Succession along 
the latter and each have a second axial component which 
extends in the longitudinal direction of the hollow body and is 
counter to the first axial component. Both axial components 
are referred to the same peripheral direction of the border. 
0159. This configuration of the proximal end of the device 
applies to all the illustrative embodiments of this application 
in which the device has an oblique tip pointing in the proximal 
direction. 

0160. In the illustrative embodiment according to FIG. 18, 
the first lattice structure 11 of the net 19 is arranged congru 
ently over the second lattice structure 12 of the carrier 18. The 
second lattice structure 12 of the carrier 18 is therefore visible 
only in the area of the net 19 where the strands or individual 
wires of the two lattice structures 11, 12 are not congruent. 
The strands or wires of the second lattice structure 12 of the 
carrier 18 are indicated in black in the area of the net 19 and 
have a larger diameter than the wires of the net 19. 
0161 In the area of the proximal tip or at the proximal end 
110 of the first lattice structure 11, and at the distal end 115 of 
the first lattice structure 11, the two lattice structures 11, 12 
are congruent, Such that only the first lattice structure 11 
shown on top in FIG. 18 can be seen. The second lattice 
structure 12 is arranged underneath the first lattice structure 
11 in the developed view. In the tubular (three-dimensional) 
body 10, the first lattice structure 11 with the net 19 is 
arranged radially to the outside and the second lattice struc 
ture 12 of the carrier 18 is arranged radially to the inside. 
0162 The transition from the net 19 to the strands in the 
area of the tip of the first lattice structure 11 is such that in 
each case four individual wires of the net 19 or four individual 
strands of the net 19 are brought together to form two strands, 
which are in turn brought together in the proximal direction to 
form one strand, from which the lattice structure of the tip is 
formed. Another number of wires or strands, each Succes 
sively combined with one another or brought together, is 
possible. The Strands guided in the proximal direction extend 
into the terminal edge 46 and are connected there as per DE 10 
2009 O56 450. 
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0163 The area of the tip of the carrier 19 is configured 
accordingly, wherein the lattice structure 12 of the carrier 18 
is formed from individual wires with a larger diameter than 
the individual wires of the first lattice structure 11. Alterna 
tively, the second lattice structure 12 can also be formed from 
several strands that each consist of individual wires. 

0164. In the area of the tip, therefore, the strands or wires 
of the two lattice structures 11, 12 run in parallel and are 
congruent. The same applies to the distal end 115. 
0.165. In the area of the net 19, the wires or strands likewise 
run in parallel, but they are not congruent. Instead, the wires 
of the net 19 overlap the lattice cells formed by the carrier 18. 
0166 In the illustrative embodiment according to FIG. 18, 
the punctiform connection between the first lattice structure 
11 and the second lattice structure 12 takes place outside the 
two lattice structures 11, 12. Specifically, the two lattice 
structures 11, 12 are connected in the area of the two common 
end strands 43, 44 in which all the wires of the respective 
lattice structures 11, 12 are brought together. The two end 
strands 43, 44 are shown in cross section in FIG. 19. The 
connection is provided by the sleeve 17. Instead of the sleeve 
17, the two end strands 43, 44 can be connected in some other 
way. For example, the thinner wires of the first lattice struc 
ture 11, which forms the outer layer in the illustrative embodi 
ment according to FIG. 18, can be mounted onto the thicker 
wires of the carrier 18 and, for example, twisted. For example, 
the thicker wires of the carrier 18 are twisted together in an 
inner strand. The thinner wires of the net 19 or of the first 
lattice structure 11 are twisted radially to the outside on the 
inner Strand. Other types of connection are possible. In addi 
tion or alternatively, the wires can be connected by a sleeve, 
for example by the sleeve 17 according to FIG. 19. The sleeve 
can be crimped onto the wires and/or welded to the wires. The 
wires can betwisted and connected as described above. Alter 
natively, the wires can also be arranged loosely alongside 
each other. The strands of both lattice structures 11, 12 can 
also be arranged alongside each other, wherein the sleeve 17 
encloses and connects both strands, as is shown in FIG. 19. 
The sleeve 17 can be circular or oval in cross section, for 
example as is shown in FIG. 19. The oval contour promotes 
the apposition to the vessel wall. 
0167. The punctiform connection of the two lattice struc 
tures 11, 12 outside the surface of the lattice structures 11, 12 
has the effect that the lattice structures 11, are arranged 
loosely one above the other and are thereforemovable relative 
to each other. At the same time, the two lattice structures 11, 
12 are oriented such that the patterns of the lattice structures 
11, 12 in combination with each other form a higher-order 
common pattern, as can be seen clearly in FIG. 18. 
(0168 The connection between the two lattice structures 
11, 12 or the two braids can also take place in the area of the 
loops. For example, the thin wires of the net 19 can be wound 
around the thicker wires of the carrier 18 or twisted together 
with them. This applies for each number of wires. For 
example, each loop of the net 19 consists of two wires which 
are wound about the single wire of the loop of the carrier 18. 
Another number of wires or wire combinations is possible. 
The connection of the wires by sleeves is also possible. 
0169. Further possibilities for the punctiform connection 
of the two lattice structures 11, 12 include the connection 
being made only in the area of the terminal edge 46, for 
example by twisting. Another punctiform connection can be 
obtained by means of the wires of the two lattice structures 11, 
12 being twisted together, or otherwise connected, for 
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example welded, in the whole oblique area or in the whole 
area of the tip. The area of the tip terminates where the two 
lattice structures 11, 12 merge into the area of the closed 
cylindrical jacket Surface. The distal end can correspondingly 
have a punctiform connection between the two lattice struc 
tures 11, 12. 
(0170 A further illustrative embodiment of a device 
according to the invention is shown in FIG. 21, in which a 
carrier 18 according to FIG. 20 is used. The carrier 18 accord 
ing to FIG. 20 is adapted to be connected in a middle area to 
a further braid, in particular to a further lattice structure. For 
this purpose, the second lattice structure 12 of the carrier 18 
has anchoring sites 45 at which the first lattice structure 11 
can be secured to the net 19. The basic design of the lattice 
structure 12 of the carrier 18 corresponds to the basic design 
according to FIG. 18 or DE 10 2009 056 450, at least as 
regards the area of the tip. 
0171 In the area of the anchoring sites 45, the wires of the 
carrier 18 are twisted and extend substantially parallel to the 
longitudinal axis of the device. 
0172. The combined structure is shown in FIG. 21, where 
the first lattice structure 11 with the net 19 is arranged radially 
to the outside, and the carrier 18 radially to the inside, in the 
tubular (three-dimensional) body 10. The first lattice struc 
ture 11 with the net 19 partially overlaps the second lattice 
structure 12, there being no overlap in the area of the tip or 
terminal edge 46. Therefore, in FIG. 21, the lattice structure 
12 of the carrier 18 is visible in the area of the tip. As in the 
illustrative embodiment according to FIG. 18, the lattice 
structure 12 of the carrier 18 continues in the area of the net 19 
and is clearly visible under the net 19 by means of the thicker 
wires or strands that are shown in black. At the distal end 115, 
the end loops of the first lattice structure 11 cover the distal 
end of the second lattice structure 12 of the carrier 18. 
0173 The punctiform connection of the two lattice struc 
tures 11, 12 is achieved by means of the wires of the net 
structure 19 converging in the area of the twisted elements of 
the carrier or of the anchoring sites 45. In the area of the 
anchoring sites 45, the wires of the two lattice structures 11, 
12 run parallel to each other and are oriented parallel to the 
axis of the stent. In the area of the anchoring sites 45, the wires 
can be twisted or connected in some other way, for example 
by welding, adhesive bonding, soldering, or by a separate 
means such as a connecting sleeve, in particular a c-shaped 
connecting sleeve. The c-shaped connecting sleeve has the 
advantage that the two systems or lattice structures 11, 12 can 
initially be overlapped during production and then connected 
by the sleeve. Alternatively, the thinner wires of the net 19 can 
be wound around the thicker wires of the carrier 18 or twisted 
together with them, specifically in the area of the anchoring 
sites 45. 
0.174 Alternatively, the connection can also be made at 
intersections of the carrier 19. A common aspect of these 
embodiments is that the connection of the two lattice struc 
tures 11, 12 is punctiform, i.e. not across the entire Surface of 
the two lattice structures, and instead only within a limited 
area. The punctiform connection according to FIG. 21 is a 
linear connection in the circumferential direction and is com 
posed of individual connection points or connection sites. 
The connection points are formed, for example, at the anchor 
ing sites 45, where the two lattice structures are connected 
locally to each other to a limited degree. 
(0175. The distal end of the net 19 can have open ends. The 
advantage of this is the ease of production. However, the 
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distal end can also have closed loops. In addition to the 
proximal connection in the area of the anchoring sites 45, a 
punctiform connection can also be made at the distal end of 
the net. 

(0176 The invention is suitable for endovascular interven 
tions, particularly for the treatment of aneurysms in blood 
vessels. For this purpose, the medical device is preferably 
designed as a stent. The invention is not limited to a medical 
device or a stent that comprises braided lattice structures. 
Instead, the lattice structures can also be formed by cutting a 
corresponding structure from a solid material, particularly 
from a tubular solid material. The use of lattice braids or wire 
braids is advantageous in view of the preferred fine-meshed 
Structure. 

(0177 FIGS. 22 and 23 show that the multiple braid, with 
an outer braid or outer layer 14 relatively movable in the axial 
direction and radial direction, is suitable for the treatment of 
different types of aneurysms. As is shown, the multiple braid 
is suitable for the treatment of fusiformaneurysms, which 
develop in a spindle shape all the way around the vessel 
circumference. In a fusiformaneurysm, the inner layer 15 or 
the second lattice structure 12 forms, as has been described 
above, the carrier 18 which positions the system in the vessel. 
As is shown in FIG. 22, the inner layer 15 bears on the vessel 
wall 35 upstream and downstream of the aneurysm 31 that is 
to be treated. The outer layer 14 expands uniformly on the 
entire circumference of the tubular body 10 and lifts away 
from the latter, as is shown in FIG.22. In this way, an annular 
gap 16 forms in the area of the fusiformaneurysm and ensures 
the eddying of the blood stream in this area. The locally 
limited securing of the outer layer 14 on the one hand and the 
low stiffness of the outer layer 14 on the other hand permit the 
spindle-shaped expansion of the outer layer 14, Such that the 
outer layer 14 protrudes at least partially into the fusiform 
aneurysm. The possibilities of locally limited securing are 
described above and are disclosed in connection with this 
illustrative embodiment. The stiffness of the outer layer 14 is 
less than the stiffness of the inner layer 15. The outer layer 14 
is more flexible than the inner layer 15. 
0178. In a lateral aneurysm (saccular aneurysm), the outer 
layer 14 moves laterally away from the inner layer 15, as is 
shown in FIG. 12 for example. The outer layer 14 is therefore 
pressed away from the side on which there is no aneurysm and 
bulges into the neck of the aneurysm. 
(0179 The function of the multiple braid as described in 
connection with FIG. 22 is disclosed and claimed in connec 
tion with all of the illustrative embodiments. 
0180. The bulging or widening of the outer layer 14 or of 
the outer braid can be set automatically by suitable condition 
ing in the context of a heat treatment when the tubular body 10 
is released from the catheter. This means that the outer braid 
or the outer layer 14 is widened in the rest state and thus lifts 
away from the inner layer 15. The widening of the outer braid 
can be stamped on a middle area of the outer braid or stamped 
exclusively on a middle area of the outer braid. As is shown in 
FIG. 22, the shape of the widening can be adapted for the 
treatment of a fusiformaneurysm and can extend in an annu 
lar shape around the tubular body 10 or have a spindle shape. 
Alternatively, the shape of the widening can be adapted to the 
treatment of a saccular aneurysm and form exclusively to the 
side or only on one side of the body 10. The outer layer 14 or 
the outer braid can, for example, be shaped and heat-treated 
on a suitably curved mandrel. The braid ends or the end areas 
of the braid of the outer layer 14 remain in contact with the 
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braid of the inner layer 15. This means that the end areas of the 
outer layer 14 are located on the same plane or the samejacket 
surface as the braid of the inner layer 15. In the middle area, 
or generally between the end areas, the braid of the outer layer 
14 lifts away from the inner layer 15. 
0181 Alternatively or in addition, the widening, as has 
been described above, can be obtained from the different 
braiding angle between the inner layer 15 and the outer layer 
14 or between the respective braids. 
0182. The above-described constrained widening of the 
outer layer 14 by suitable heat treatment is disclosed and 
claimed as a possible option in connection with all of the 
illustrative embodiments. Moreover, it is disclosed and 
claimed in this connection that at least the outer layer 14 or the 
braid of the outer layer 14 is produced from a shape-memory 
material, for example from nitinol or another shape-memory 
material customarily used in medical engineering and permit 
ting a heat-induced change of shape. Alternatively, the con 
strained change of shape can also be obtained by an elastic 
deformation of the braid of the outer layer 14. 
0183. As has been explained above, the braid of the outer 
layer 14 or the outer braid can lift away from the inner layer 
15, because the outer layer 14 is relatively soft or more flex 
ible than the inner layer 15 and can move in the flow. Alter 
natively, the braid of the outer layer 14 can have a stable 
structure. In particular, the braid of the outer layer 14 can have 
reinforcing wires, which limit the radial mobility of the braid 
of the braid of the outer layer 14. In this way, a stable gap 
forms between the outer layer 14 and the inner layer 15, and 
the braid of the outer layer 14 moves very little, if at all, in the 
blood stream. In this embodiment, the radial stability or stiff 
ness of the outer layer 14 corresponds approximately to the 
radial stability or stiffness of the inner layer 15. This means 
that more or less the same forces are needed to widen the outer 
layer 14 and to widen the inner layer 15. The stable outer braid 
or the stable outer layer 14 is suitable in particular in connec 
tion with the above-described embodiment in which the shape 
of the outer layer 14 in the rest state is curved radially outward 
or in which the outward curvature is stamped on and the gap 
16 between the outer layer 14 and the inner layer 15 forms 
automatically upon release from the catheter. The automatic 
formation of the gap 16 means generally that the widening of 
the outer layer 14 is effected by internal forces or at least 
predominantly by internal forces of the outer layer 14. This 
process can be assisted by the external forces applied by the 
blood flow. However, in this embodiment, the widening is 
primarily attributable to the properties of the shape-memory 
material and the associated internal forces. 

018.4 FIG. 23 shows another illustrative embodiment of 
the invention in which the braid of the outer layer 14, or 
generally the outer layer 14, has an undulating contour in 
cross section. Generally, the distance between the outer layer 
14 and inner layer 15 varies, with the distance alternately 
increasing and decreasing. The undulating contouris particu 
larly effective in slowing down the flow in the aneurysm 31. 
The undulating structure can have at least two peaks and, 
lying between these, a valley. In the illustrative embodiment 
according to FIG. 23, the undulating contour is formed with 
four peaks. Another number of peaks is possible. As can be 
seen in FIG. 23, the peaks have different heights. The height 
of the peaks decreases in the proximal and distal directions of 
the tubular body 10. The peaks are highest in the middle area 
of the undulating contour. The outer contour of the peaks, 
which is defined by their points or sections farthest away from 
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the inner layer 15, corresponds approximately to the shape of 
the aneurysm that is to be treated. The outer contour (envel 
oping Surface) of the undulating contour is adapted to the 
shape of the aneurysm. 
0185. At least some of the valleys can be spaced apart from 
the inner layer 15. It is possible for all the valleys to be spaced 
apart from the inner layer 15. Alternatively, at least some of 
the valleys can touch the inner layer 15. It is possible for all of 
the valleys to touch the inner layer 15. 
0186 The contact sites between the valleys and the inner 
layer 15 can be produced by connections between the braids 
of the outer layer 14 and of the inner layer 15. This applies to 
some of the valleys or to all of the valleys. The braid of the 
outer layer 14 can be connected to the braid of the inner layer 
15 at a number of sites spaced apart from each other in the 
axial direction. This can be done, for example, by using 
sleeves, crimp sleeves or other connecting techniques, for 
example cohesively bonded connections. The sleeves can be 
C-shaped, for example, and can be fitted Subsequently, i.e. 
after the interweaving to connect the two braids or the mul 
tiple braids. 
0187. Alternatively or in addition, the undulating structure 
can be preconditioned by heat treatment, such that the undu 
lating structure forms in the rest state. A shape-memory mate 
rial known perse, for example initinol, is used for this. Purely 
mechanical shaping is possible, in which case the wave shape 
is stretched out in the catheter and recovers the undulating rest 
state after release. 
0188 A particularly important aspect of this illustrative 
embodiment, but one to which the invention is not limited, is 
that those areas that are to expand radially outward have a 
different braid structure than those areas of the undulating 
contour or of the undulating structure that form the valleys, in 
particular those areas that are intended to remain in contact 
with the braid of the inner layer 15. For example, the braiding 
angle in the areas that are intended to lift, particularly in the 
area of the peaks, can be smaller than the braiding angle of the 
areas that are not intended to lift, particularly in the area of the 
Valleys. A braid that has a relatively small braiding angle can 
widen comparatively easily. During widening, the braiding 
angle increases on account of the axial compression during 
the widening. Those areas that are radially more stable and 
can therefore widen less readily have a larger braiding angle. 
These are the areas in which the valleys of the structure form. 
For example, the braiding angle can be larger than 45° in the 
area of the valleys and smaller than 45° in the area of the 
peaks. 
0189 The areas with a small braiding angle, or a smaller 
braiding angle than in other areas, are associated with a lower 
axial shortening during expansion. This means a greater 
radial widening with lower axial compression. This has the 
effect that, upon axial compression of the inner layer, the 
areas with the Small braiding angle (peaks) have to widen 
outward, so that the structure shortens at the same time. The 
outer layer has in fact to shorten if it is connected distally to 
the inner layer or if the inner layer presses it outward onto the 
vessel wall and therefore blocks it. 
0190. Some or all of the aforementioned possibilities for 
forming the undulating structure can be combined with one 
another. For example, the undulating structure can be 
obtained from a combination of heat treatment (pre-emboss 
ing of the contour) and/or different braiding angles and/or 
mechanical connections between the inner layer 15 and outer 
layer 14. 
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0191 In connection with the offset of the outer layer 14 
relative to the inner layer 15, it is disclosed that the braids can 
also be offset from each other in the rest state. This means that 
the proximal end of one braid is offset in the axial direction to 
the proximal end of the other braid. In addition or alterna 
tively, the distal braid ends of the two braids or of the multiple 
braids can also be offset from each other in the axial direction 
in the rest state. Specifically, the proximal end of the braid of 
the outer layer 14 and/or the distal end of the braid of the outer 
layer 14 can each be axially offset inward with respect to the 
proximal and/or distal end of the braid of the inner layer 15. 
0.192 The braid of the outer layer 14 can have at least one 
and a halftimes as many wires as the braid of the inner layer 
15, in particular at least twice as many wires, in particular at 
least three times as many wires, in particular at least 4 times 
as many wires, as the braid of the inner layer 15. These ranges 
of the wire numbers are disclosed and claimed in connection 
with all of the illustrative embodiments. 

0193 The undulating structure has the advantage of great 
axial compressibility. In this way, the braid of the outer layer 
14 can be adapted well to different aneurysm lengths and 
widths. 

0194 The gap 16, which forms at least during use between 
the braid of the inner layer 15 and the braid of the outer layer 
14, merges continuously, at the proximal and/or distal end of 
the gap 16, into the jacket surface of the tubular body 10. This 
is shown by way of example in FIG. 12 or in FIG. 22. The 
same is true in the case of treatment of a saccular aneurysm in 
the circumferential direction. Here too, the gap or the raised 
braid area of the outer layer 14 merges continuously into the 
jacket surface of the body 10. Things are slightly different in 
the treatment of a fusiformaneurysm, in which case an annu 
lar gap 16 extending in the circumferential direction forms, or 
is preconditioned, between the inner layer 15 and the outer 
layer 14. The maximum gap width, i.e. the distance between 
the inner layer 15 and the outer layer 14, is 50% of the 
expanded diameter of the tubular body. The expanded diam 
eter relates to the free tubular body on which no external 
forces act, and which is therefore not arranged in the vessel. 
The minimum gap width is 5% of the expanded diameter of 
the tubular body 10. The same definition of the expanded 
diameter as described above applies here too. Intermediate 
values of the aforementioned maximum range are possible. 
For example, the gap width can be at most 45% of the 
expanded diameter, in particular at most 40%, in particular at 
most 35%, in particular at most 30%, in particular at most 
25%, in particular at most 20%, in particular at most 15%, in 
particular at most 10% of the expanded diameter. The lower 
gap range can be at least 5%, in particular at least 10%, in 
particular at least 15%, in particular at least 20% of the 
expanded diameter of the tubular body 10. The aforemen 
tioned lower and upper limits can be combined with one 
another. 

0.195 The device can have several plies which extend in a 
layered arrangement on the circumference of the body 10 and 
overlap one another, in particular partially overlap one 
another. A gap 16 is formed in each case between the indi 
vidual plies. Two gaps form in the case of three plies, three 
gaps in the case of four plies, etc. 
0196. Particularly in the treatment of fusiformaneurysms, 

it is advantageous if the outer ply or the outer layer 14 lies 
close to the inside wall of the aneurysm or even comes into 
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contact therewith. The lattice structure of the outer ply thus 
stabilizes the wall of the aneurysm and slows down the flow in 
the vicinity of the wall. 
0.197 In addition, an intermediate ply or intermediate 
layer 14a can be provided which, during use, is spaced apart 
from the innerply or the inner layer 15 and from the outerply 
or the outer layer 14. The intermediate ply is arranged in the 
aneurysm during use. The inner ply is flush with the neck of 
the aneurysm. It is possible to provide several intermediate 
plies or intermediate layers 14a which protrude into the aneu 
rysm and progressively slow down the flow. This design is 
particularly Suitable for fusiformaneurysms, since these can 
be difficult to fill with coils. This affords a simple possibility 
of introducing material in the form of braided layers into the 
aneurysm. 
0198 The braided layers protruding into the aneurysm 
form outer layers which, as clot-forming layers, contribute to 
occluding the aneurysm. 
(0199 The different widening or the different degree of 
lifting of the layers, and therefore the gap formation between 
the individual layers, can be achieved by different braiding 
angles of the layers. In addition or alternatively, the gap 
formation can be achieved by use of a shape-memory mate 
rial, by different diameters being stamped on the layers 
through a Suitable heat treatment known perse. 
0200. In the example according to FIG. 24, the outer layer 
14 is at least partially in contact with the aneurysm wall. The 
distal end of the outer layer 14 is located in the aneurysm or at 
least at the end of the aneurysm neck. The advantage of this 
configuration, in which the outer layer 14 does not extend past 
the aneurysm neck into the vessel, is that the distal end of the 
outer layer 14 can freely expand and the entire outer layer can 
bear safely on the wall of the aneurysm. Structurally, this is 
achieved by the fact that the outer layer 14 is axially shorter 
than the body 10 and/or an optional intermediate layer 14a. 
The outer layer 14 can be shorter than the body 10 by at least 
10%, in particular at least 20%, in particular at least 30%, in 
particular at least 40%, in particular at least 50%, in particular 
at least 60%, in particular at least 70%. 
0201 The distal end of the outerply or of the outer layer 14 
can alternatively extend, like the middle ply, distally beyond 
the aneurysm neck. Here, the ply is pressed by the inner braid 
or the inner layer 15 against the vessel wall and thus fixed. 
When the distal end is fixed by the inner ply or inner layer 15, 
the expansion of the outer ply or outer layer 14 into the 
aneurysm is determined to a greater degree by the braiding 
angle. 
0202 Therefore, if a defined gap 16 is to be set, the distal 
end and proximal end must be blocked. For this purpose, a 
Suitably long outer layer 14 is provided. If the expansion is to 
be free, in order to bear against the wall, the length of the outer 
layer 14 must be chosen such that there is no blocking of the 
outer layer 14. 
0203 Generally, only the proximal ends of the plies or 
layers 14, 14a, 15 are interconnected. The blocking of the 
distal ends, if desired, is obtained by friction during use. This 
design is a technically simple one. The braid distorts only 
slightly. If the blocking at the distal end is obtained by fric 
tion, the braids can shift relative to one another during the 
positioning, specifically at the distal end, which reduces the 
danger of distortion and promotes adaptation to the anatomy. 
0204. By contrast, if the distal end of the layers is con 
nected, secure blocking is achieved and the gap formation can 
be controlled with precision by the different braiding angles. 
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0205 These observations also relate to the case where the 
body 10 is composed of only 2 plies, namely the inner layer 15 
and the outer layer 14, or of more than 2 or 3 plies, etc. 

LIST OF REFERENCE SIGNS 

0206 10 tubular body 
0207 11 first lattice structure 
0208 12 second lattice structure 
0209 13 third lattice structure 
0210 14 outer layer 
0211 14a intermediate layer 
0212 15 inner layer 
0213 16 gap 
0214) 17 connecting sleeve 
0215 18 carrier 
0216) 19 net 
0217 20 delivery system 
0218 21 coil catheter 
0219. 30 blood vessel 
0220 31 aneurysm 
0221 32 aneurysm neck 
0222 34 aneurysm wall 
0223 35 vessel wall 
0224 36 attack region 
0225. 40 conventional aneurysm stent 
0226 41 first wire 
0227 42 second wire 
0228 43 end strand of the first lattice structure 11 
0229 44 end strand of the second lattice structure 12 
0230 45 anchoring sites 
0231 46 terminal edge 
0232 110 proximal end of the first lattice structure 11 
0233. 111 middle section 
0234 112 wire of the first lattice structure 11 
0235 113 transition section 
0236 115 distal end of the first lattice structure 11 
0237) 116 edge section 
0238 120 proximal end of the second lattice structure 12 
0239 122 wire of the second lattice structure 12 
0240 125 distal end of the second lattice structure 12 
0241 130 proximal end of the third lattice structure 13 
0242 135 distal end of the third lattice structure 13 
0243 F. vessel flow 
0244 Freddy flow 
0245 F, through-flow 
0246 B bulge 
0247 E elongation of the blood vessel 30 
0248 K shortening of the transition section 113 
0249 P pressure 
(0250 W widening of the blood vessel 30 
0251 R narrowing 

1. A medical device, comprising a body which is tubular at 
least in Some sections, can be transferred from a compressed 
state to an expanded State and has a circumferential wall with 
at least a first lattice structure and a second lattice structure, 
wherein the first lattice structure and the second lattice struc 
ture form separate layers of the circumferential wall, which 
layers are arranged coaxially one inside the other and are 
connected to each other at least at points, in Such a way that 
the first lattice structure and the second lattice structure are 
movable relative to each other at least in some sections. 

2. The medical device as claimed in claim 1, wherein the 
first lattice structure and/or the second lattice structure is 
formed in each case from interwoven wires. 
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3. The medical device as claimed in claim 1, wherein the 
first lattice structure has a proximal end, which is connected 
to a proximal end of the second lattice structure in Such away 
that distal ends of the first and second lattice structures 
arranged opposite the proximal ends are movable relative to 
each other. 

4. The medical device as claimed in claim 1, wherein the 
first lattice structure and the second lattice structure, in a 
production state, have braiding angles that are the same at 
least in some sections or different from one another. 

5. The medical device as claimed in claim 4, wherein the 
braiding angle of the first lattice structure and/or of the second 
lattice structure is at most 70°, in particular at most 65°, in 
particular at most 60°, in particular at most 59°, in particular 
at most 57, in particular at most 55°, in particular at most 52. 
in particular at most 50°. 

6. The medical device as claimed in claim 1, wherein, in a 
radially expanded State of the tubular body, a gap is formed at 
least in some sections between the first lattice structure and 
the second lattice structure. 

7. The medical device as claimed in claim 1, wherein the 
first lattice structure and the second lattice structure each have 
closed meshes, wherein the size of the meshes of the first 
lattice structure is different than the size of the meshes of the 
second lattice structure. 

8. The medical device as claimed in claim 2, wherein the 
wires of the first lattice structure have a smaller cross-sec 
tional diameter than the wires of the second lattice structure. 

9. The medical device as claimed in claim 2, wherein the 
first lattice structure has a greater number of wires than the 
second lattice structure. 

10. The medical device as claimed in claim 1, wherein the 
first lattice structure forms an outer layer and the second 
lattice structure forms an inner layer of the tubular body. 

11. The medical device as claimed in claim 1, wherein the 
first lattice structure has an axial lengthwise extent that is 
Smaller than an axial lengthwise extent of the second lattice 
structure, in Such a way that the first lattice structure covers 
the second lattice structure in Some sections, in particular by 
at least 20%, in particular by at least 30%, in particular by at 
least 40%, in particular by at least 50%, in particular by at 
least 60%. 

12. The medical device as claimed in claim 1, wherein the 
tubular body has a third lattice structure which together with 
the first lattice structure forms the outer layer of the tubular 
body. 

13. The medical device as claimed in claim 12, wherein the 
first lattice structure is connected at a proximal end, and the 
third lattice structure at a distal end, to the second lattice 
structure which forms the inner layer of the tubular body. 

14. The medical device as claimed in claim 12, wherein the 
first lattice structure and the third lattice structure overlap at 
least in some sections in a radially compressed State or a 
radially expanded State. 

15. The medical device as claimed in claim 12, wherein the 
first lattice structure and the third lattice structure each com 
prise a proximal end, which is connected to the second lattice 
structure, wherein the proximal end of the first lattice struc 
ture is arranged at a distance from the proximal end of the 
third lattice structure. 

16. The medical device as claimed in claim 1, wherein the 
first lattice structure comprises a middle section and two edge 
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sections delimiting the middle section, wherein the first lat 
tice structure has a smaller braiding angle in the middle sec 
tion than in the edge sections. 

17. The medical device as claimed in claim 10, wherein the 
distance between the outer layer and the inner layer varies in 
the expanded state of the body, wherein the distance alter 
nately decreases and increases at least in some sections. 

18. The medical device as claimed in claim 17, wherein the 
outer layer, in the expanded State of the body, has an undu 
lating contour at least in some sections. 

19. The medical device as claimed in claim, wherein the 
outer layer 14 has alternately disposed peaks and Valleys, 
wherein at least some, in particular all, of the valleys are 
connected to the inner layer and/or are preshaped, in particu 
lar preshaped by heat treatment, and/or have another braiding 
angle than the peaks. 

20. A system for medical uses, with a device as claimed in 
claim 1, and with a delivery system which comprises a flex 
ible delivery element, in particular a guide wire, wherein the 
delivery element is connected or connectable to the device. 
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