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Vasospasm Treatment

The invention relates to a device having a stent structure intended for the insertion
into blood vessels of the human or animal body, wherein the stent structure as-
sumes an expanded state during which it is in contact with the inner wall of the
blood vessel and a contracted state during which the stent structure being located
in a microcatheter can be moved through the blood vessel, wherein the stent
structure preferably being connected at its proximal end with a pusher wire.

Vascular endoprostheses, so-called stents, are often employed for the treatment
of vasoconstrictions and are permanently implanted at the location of the con-
striction with a view to keeping the vessel lumen open. Typically, stents have a
tubular structure and are either made by laser cutting to achieve a surface con-
sisting of braces with openings between them or they consist of a wire braiding.
Stents can be moved by means of a catheter to the placement site where they are
expanded; in the event of self-expanding stents made of shape-memory material,
expansion and contact with the inner wall of the vessel take place automatically.
Alternatively, stents may also be caused to expand with the aid of balloons onto
which the stent is crimp-mounted, or by other mechanical methods. After final
placement, only the stent remains at the target site; catheter, guide or pusher
wires, and other auxiliary means are removed from the blood vessel system.

Implants of basically similar design are also used for the occlusion of aneurysms
in that they are placed in front of the neck of an aneurysm. However, such flow
diverters have a higher surface density than stents for the elimination of stenoses.
An example of a flow diverter has been described in publication WO 2008/107172
Al.
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A spasmodic constriction of a blood vessel is known as vasospasm. Vasospasms
involve the risk of blood no longer being supplied to downstream vessels (ische-
mia) which may lead to necrosis of the tissue thus cut off from perfusion. Espe-
cially in the cerebral region vasospasm may occur some days after a subarach-
noid hemorrhage. In this respect, vasospasm is one of the main reasons for apo-
plexy in this region or even mortalities occurring after rupturing of an aneurysm
and/or bleeding from it or as a result of an operation.

Usually, vasospasm is treated with medication, in particular calcium channel
blockers or drugs are put to use that cause the NO level in the blood to increase.
An example of a calcium channel blocker is nimodipine which is frequently used
after subarachnoid hemorrhages with a view to preventing vasospasms. However,
a medication-based treatment is associated with significant side effects and,
moreover, is both cost-intensive and time-consuming.

It is thus the objective of the invention to provide means that allow vasospasm to
be treated in some other way.

This objective is achieved by the invention proposing a device having a stent
structure intended for the insertion into blood vessels of the human or animal
body, wherein the stent structure assumes an expanded state during which it is in
contact with the inner wall of the blood vessel and a contracted state during which
the stent structure being located in a microcatheter can be moved through the
blood vessel, wherein the stent structure preferably being connected at its proxi-
mal end with a pusher wire and the device being employed for the treatment of
vasospasm.

Surprisingly, it has become evident that stent-like structures are conducive to the
treatment of vasospasm. In contrast to the application possibilities of a stent for
the treatment of stenoses or aneurysms as described hereinbefore, the stent
structure is not intended to permanently remain within the blood vessel, i.e. it is
not implanted but only placed in position temporarily and removed after a few
minutes. Therefore, a detachment or severance point between the stent structure
and the pusher wire is not required.
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The stent structure is preferably of self-expanding design and capable of auto-
matically assuming its expanded state after deployment from the microcatheter.
To achieve this, a stent structure is of advantage that is made of a material having
shape-memory properties, and in particular the use of nickel-titanium alloys
known under the tradename of nitinol has proven its worth. However, also con-
ceivable are polymers having shape-memory characteristics or other alloys.

The device proposed by the invention may, in particular, be used in the neurovas-
cular field, it may, however, also be employed in the cardiovascular or peripheral
region.

Typically, the introducer sheath is a pusher wire, also known as guidewire. Such
pusher wires are also used in a similar manner for the placement of implants that
are intended to remain permanently in the vessel system in which case, however,
the pusher wire is connected to the implant via a severance point, and said sev-
erance point may be designed for a mechanical, thermal, or electrolytic detach-
ment. In accordance with the invention the device is only temporarily moved to
the site where vasospasm has occurred and where expansion of the stent struc-
ture takes place. The pusher wire is preferably made of stainless steel, nitinol or
a cobalt-chrome alloy.

The introducer sheath or pusher wire is preferably attached radially outward to the
proximal end of the stent structure. In other words, the connection between pusher
wire and stent structure is not in the center of the stent structure but arranged
eccentrically at or near the inner wall of the vessel. In this manner, the flow of
blood is impeded to a minor degree only. What is more, an eccentric arrangement
of the pusher wire facilitates retraction of the device into the microcatheter.

The pusher wire may also be attached to the stent structure at several locations,
preferably to the proximal end of the stent structure. The arrangement of several
connection points on the stent structure results in a slightly higher impediment of
the flow of blood due to the additional braces or wires extending in this case within
the center of the blood vessel. This, on the other hand, enables the proximal end
of the stent structure that terminates towards the pusher wire and thus no longer
is in complete contact with the inner wall of the vessel and therefore does not
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exert significant radial forces on the inner wall to be kept shorter. A pusher wire
connected to the stent structure at several locations usually has a more central
configuration.

Usually, treatment is carried out such that the inventive device arranged inside a
microcatheter is moved towards the placement site, i.e. the location where vaso-
spasm has occurred. Following this, the microcatheter is retracted in proximal di-
rection causing the deployment of the stent structure which now expands and
touches the inner wall of the vessel and in this manner counteracts vasospasm.
The stent structure is left at the placement site for a short time, typically for 1 to
10 minutes. Subsequently, the microcatheter is again moved in distal direction to
embrace the stent structure following which the microcatheter together with the
device is retracted. The treatment may be repeated on several days in succes-
sion.

The terms ,proximal® and ,distal“ are to be understood such that they refer as
proximal to parts that point towards the attending physician when inserting the
device, and as distal to parts that point away from the attending physician. Typi-
cally, the device is thus moved forward in distal direction with the aid of a micro-
catheter. The term ,axial“ refers to the longitudinal axis of the device extending
from proximal to distal while the term ,radial“ denotes levels/planes extending ver-
tically thereto.

A treatment undertaken with the device proposed by the invention may at the
same time be accompanied by a medication-based treatment, for example using
nimodipine. This may in particular be applied intra-arterially at the site where vas-
ospasm has occurred.

Basically, the stent structure may consist of individual, interconnected strings or
braces. Such a stent structure can be manufactured by laser cutting technique in
a manner known per se. In addition, it is thought expedient to process the stent
structure by electropolishing to make it smoother and rounder and thus render it
less traumatic. This also reduces the risk that germs or other impurities may ad-
here to the structure.
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Alternatively, the stent structure may also be a mesh-like structure consisting of
individual wires in the form of a braiding. The wires in this case typically extend
helically along the longitudinal axis, with intersecting opposed wires extending
above and below each other at points of intersection resulting in honeycomb-like
openings being created between the wires. Preferably, the total number of wires
ranges between 8 and 64. As wires forming the mesh structure individual wires
made of metal may be employed but it is also possible to provide strands, i.e.
several wires of small diameter arranged so as to form a filament, preferably
twisted around each other.

An advantage of a stent structure comprising interconnected strings or braces that
in particular are produced by laser cutting techniques over a mesh structure con-
sisting of wires is that during the expansion process a stent structure of braces
will be less prone to longitudinal contraction than a mesh structure. Longitudinal
contraction should be kept to a minimum because the stent structure exerts addi-
tional stress on the surrounding vessel wall during longitudinal contraction. Due
to the fact that vasospasm is especially caused by stimuli acting on the vessel any
additional stress has to be avoided in the treatment of vasospasm.

A stent structure of interconnected braces moreover offers advantages in that the
radial force exerted by such a stent structure of otherwise comparable construc-
tion, braces/wire density and braces/wire thickness is higher than that of a mesh
structure consisting of wires. The reason for this that the braces at the points of
intersection are permanently attached to each other, whereas the wires in a mesh
structure as a rule only extend above and below each other.

The braces or wires may have a round, oval, square or rectangular cross section,
with the edges being advantageously rounded off in the event of a square or rec-
tangular cross section.

The openings thus formed within the stent structure between the individual braces
or wires should have an inscribed circle diameter ranging between 0.1 and 6 mm,
where under inscribed circle diameter the diameter of the largest possible circle
is to be understood that can be placed in the opening. The above data apply to a
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stent structure which is in expanded state, i.e. in the state the stent structure as-
sumes when it is not exposed to external constraints.

Preferred are openings having an inscribed circle diameter of =1 mm, which
translates into a relatively coarse-meshed stent structure, because such a struc-
ture is capable of exerting a radial force of a magnitude suitable for the treatment
of vasospasm. For example, the openings/cells of a stent structure having a di-
ameter of between 3 and 5 mm in expanded state may have an inscribed circle
diameter ranging between 2 and 4.5 mm.

The openings provided in the stent structure should be closed all around, that is
should without interruptions be fully surrounded or embraced by braces or wires
(the so-called closed-cell design) because when treatment has been completed
this will facilitate bringing the stent structure into the microcatheter by moving the
catheter forward.

Moreover, in the interest of producing a radial force of suitable magnitude it is
considered expedient to use braces or wires having a relatively large cross section
or diameter, i.e. using relatively massive braces/wires. When braces or wires of
an essentially rectangular cross section were put to use, it has turned out to be of
advantage to provide braces/wires of a height and width of between 30 and
300 um, with a rectangular cross section the edges of which were rounded also
being considered as essentially rectangular. In the event of a round cross section
the diameter should range between 30 and 300 um.

Normally, the stent structure is of open design at the proximal end. At its distal
end, the stent structure may also be open but can also be of closed design. A
stent structure that is open at both ends offers the advantage that the blood flow
is impeded as little as possible so that an undersupply of downstream blood ves-
sels and tissue they supply with blood can be prevented. On the other hand,
providing the distal end with a closed structure is more atraumatic. It is to be noted
that referring to an open structure means there are no braces or wires at the re-
spective end of the stent structure and that braces/wires are only arranged over
the outer circumference of the stent structure. In case of a closed end, however,
braces or wires also exist in the center of the stent structure. However, since there
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are still openings between the braces or wires, even a closed distal end is not
completely impervious and still allows the flow of blood through the respective
openings.

An antithrombogeneous coating applied to the inside of the stent structure is con-
sidered expedient because the structure stays within the blood vessel for a certain
time span during which the prevention of clots is mandatory that might form in the
vessel already constricted due to vasospasm that has occurred. The outside of
the stent structure could advantageously be coated with an agent conducive to
vessel relaxation, for example with a calcium channel blocker such as nimodipine.

Even if an antithrombogeneous coating in particular applied to the inside of the
stent structure and a vessel relaxing coating in particular applied to the outside of
the stent structure are beneficial and helpful, such an antithrombogeneous or ves-
sel relaxing coating can also be applied to the entire stent structure or the
braces/wires can be provided with a respective coating on all sides. In this case,
the respective coating is not applied exclusively to the inside or outside of the
stent structure.

Generally speaking, it is to be noted that all relevant coatings may also cover only
a certain part or a partial length of the stent structure. Coatings are of significance
especially in those areas of the stent structure that are in contact with the inner
wall of the vessel, i.e. essentially the cylindrical part of the stent structure.

The force that the expanding stent structure exerts radially outward on the inner
vessel wall should range between 2 and 16 N/m, preferably between 5 and 8 N/m.
The radial force specified in this case denotes the force radially exerted per unit
of length, i.e. is to be viewed as relative radial force. In this case, only that part of
the stent structure is to be taken into account that is in contact with the inner wall
of the vessel and is thus capable of exerting forces on it (effective length). Along
the effective length, the stent structure must cover a minimum of 50 % of an en-
velope arranged around the stent structure. Contrary to this, the absolute radial
force denotes the value applicable to the entire stent structure.
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The exerted radial force (chronic outward force, COF) is determined by means of
a V-block test as described below:

The V-block testing apparatus consists of two polymethyl methacrylate (PMMA)
blocks in which a 90° vee-groove each has been milled and then smoothly pol-
ished. These V-blocks are placed one on top of the other in such a way that when
in contact a hollow space of square cross section is created between the blocks.
Whereas one of the V-blocks is firmly secured the other is provided with a force
sensor.

COF denotes the force the stent structure upon self-expansion exerts on the blood
vessel or during testing on the V-blocks. For radial force determination, the stent
structure located inside a transportation hose or microcatheter is placed centrally
between the V-blocks. Following this, the transportation hose/microcatheter is re-
tracted causing the stent structure to be released. Due to its self-expanding prop-
erties, the structure folds out and the radial force it then produces can be meas-
ured by means of the force sensor connected to one of the V-blocks and further
evaluated. To enable stent structures of different lengths to be compared the rel-
ative radial force is calculated as follows:

COFabs.
effective length of the stent structure

COFrel.=

As per an advantageous embodiment the radial force exerted over the length by
the stent structure in expanded state is essentially constant, i.e. in the proximal
as well as distal section it coincides with the radial force of the middle section.
Compared to customary, uniformly designed stents, however, the radial force ac-
tually effective in the proximal and distal sections in most cases is weaker than in
the middle section. For that reason, it is expedient to purposefully increase the
radial force acting in the proximal and distal sections with a view to creating a
stent structure the radial force of which being essentially constant over the effec-
tive length in expanded state, with the proximal end of the stent structure where,
typically, the braces or wires are no longer in complete contact with the inner wall
of the vessel being left unconsidered as far as radial force is concerned. There-
fore, the proximal end is thus seen as part of the stent structure located farthest
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in proximal direction that no longer forms part of the effective length and where
the braces/wires extend towards the pusher wire. A typical length of this proximal
end amounts to 8 to 10 mm, that means the overall length of the stent structure is
roughly longer by this amount than the effective length of the stent structure.

To increase the radial force in the proximal and distal sections, the braces or wires
may be designed to have a larger cross section here than in the middle section.
The braces/wires are thus made more massive which fully or to some degree
compensates the inherent tendency of a stent structure to exert higher radial
forces in the middle section.

Alternatively or in addition, the density of the braces or wires can be arranged so
as to be higher in the proximal section than in the middle section. This step also
ensures that the reduction of the radial force as observed in customary stents to
diminish towards proximal or distal can fully or to some extent be compensated.

Another possibility is to provide a slot in the stent structure extending helically
over the generated surface of the stent structure or in longitudinal direction along
the generated surface of the stent structure. In this way, individual braces or wires
may extend over the slot with a view to influencing the radial force characteristics.

Typically, the diameter of the stent structure in expanded state is in the range of
between 2 and 8 mm, preferably ranges between 4 and 6 mm. The total length of
the stent structure in expanded state as a rule amounts to 5 to 50 mm, preferably
lies between 10 and 45 mm, further preferred between 20 and 40 mm. The effec-
tive length, i.e. the length of the stent structure in expanded state that actually
exerts radial forces on the inner wall of the vessel, is in most cases shorter by
approx. 8 to 10 mm.

Meaningfully, the device is provided with one or several radiopaque markers al-
lowing the attending physician to visualize the treatment. The radiopaque markers
may, for example, consist of platinum, palladium, platinum-iridium, tantalum, gold,
tungsten or other metals opaque to radiation. Radiopaque coils may, for instance,
be arranged in the device at various points. As another alternative, the stent struc-
ture, and in particular the braces or wires of the stent structure, may be provided
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with a coating consisting of radiopaque material, for example with a gold coating
which may, for instance, have a thickness of between 1 and 6 um. The coating
consisting of a radiopaque material need not be applied to the entire stent struc-
ture; it is of significance, however, especially in areas of the stent structure in
contact with the inner wall of the vessel, that is primarily in the cylindrical part of
the stent structure. Nevertheless, even when applying a radiopaque coating it is
considered expedient to arrange one or several radiopaque markers in the device,
in particular at the distal end of the stent structure.

Aside from the inventive device the invention also relates to a method for the
treatment of vasospasm, for which purpose a device is used of the kind described
hereinbefore. Said method provides for the stent structure to be navigated to the
vasospasm site by means of the pusher wire and expanded there, which as a rule
is achieved by retracting the microcatheter accommodating the device, said re-
traction taking place in proximal direction. At the site where vasospasm has oc-
curred the stent structure remains for some minutes, preferably for a period of
between 1 and 10 minutes. Afterwards, the stent structure is removed from the
blood vessel. For this purpose, the microcatheter can be pushed forward in distal
direction to again embrace the stent structure and accommodate it within the mi-
crocatheter. Microcatheter and device are then ready to be retracted and removed
from the blood vessel system. It is advisable to repeat the described approach
several days in succession to continue the vasospasm treatment.

Any and all statements made with respect to the device shall equally apply in the
same way as well to the method and vice versa.

Further elucidation of the invention is provided through the enclosed figures where

Figure 1a: is a side view of a device proposed by the
invention;
Figure 1b shows the inventive device of Figure 1a as

a developed representation;

Figure 2 is a representation of the radial force level
along the stent structure;



10

15

20

25

11

Figure 3 shows a measuring apparatus for the deter-
mination of radial forces exerted by the
stent structure;

Figure 4 illustrates the determination of the effective
length of the stent structure, and

Figure 5 is a side view of a preferred embodiment of
the stent structure.

In Figure 1a the inventive device 1 is illustrated in the form of a side view. The
device has a stent structure 2 and an introducer sheath in the form of a pusher
wire 3. In this example, the stent structure 2 is made by laser cutting and com-
prises braces that in their entirety form a continuous honeycomb structure. The
pusher wire 3 is eccentrically attached, i.e. peripherally connected to the proximal
end of stent structure 2.

In Figure 1b the device 1 of Figure 1a is shown as a developed representation,
i.e. depicting the hypothetical situation that would arise if the essentially cylindrical
stent structure 2 as shown in Figure 1a was cut open along the longitudinal axis
and spread so as to be planar. In this case, only a short portion of pusher wire 3
has been shown.

In Figure 2 the characteristic of the radial force (COF) along the stent structure 2
is shown on the basis of a preferred embodiment. Only at the proximal end acts a
lower radial force on the surrounding inner wall of the vessel, otherwise the radial
force is constant over the entire stent structure 2. The radial force reduction en-
countered at the proximal end is due to the fact that the stent structure 2 at this
location terminates at a single point in pusher wire 3 resulting in the stent structure
2 being unable to fully cover the inner vessel wall circumferentially.

An apparatus for the determination of the radial force by means of a V-block test
is shown in Figure 3 for the stent structure 2. The apparatus for radial force deter-
mination comprises two V-blocks 4, each of which provided with a 90° vee-groove.
Positioning one of the V-blocks 4 on the other results in a hollow space of square
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cross section to be created. While the lower V-block 4 is firmly secured, the top
V-block 4 is provided with a force sensor for radial force determination.

For testing purposes, stent structure 2 accommodated in a transportation hose or
microcatheter is at first placed into the square hollow space between the V-
blocks 4. Following this, the hose/microcatheter is retracted such that the self-
expanding stent structure 2 is allowed to expand thus contacting the surfaces of
the V-block 4. The forces exerted by the stent structure 2 are signified by the bro-
ken arrow lines and are transmitted to the force sensor via the V-blocks 4 and
finally evaluated.

As already mentioned, the relative radial force variable is used to enable stent
structures 2 of different length to be compared, i.e. the absolute radial force rele-
vant to the effective length 5 of the stent structure 2. As illustrated in Figure 4, for
the determination of said effective length 5, the stent structure is drawn into a
transparent tube 6 having a circular cross section. The effective length 5 is the
length where the stent structure 2 at least covers 50 % of the circumference. It is
to be noted that in particular the proximal end of stent structure 2 where the struc-
ture terminates towards the pusher wire does no longer form part of the effective
length 5.

In Figure 5 a preferred embodiment of an inventive stent structure 2 is finally illus-
trated as a side view, wherein the stent structure 2 is composed of a proximal
section 7, a middle section 8, and a distal section 9. The view is limited to show
the effective length 5, that is neither the proximal end nor the pusher wire is
shown. Other than shown in Figure 1 this is a stent structure 2 consisting of indi-
vidual wires forming a mesh structure. To achieve a uniform characteristic of the
radial force over the entire effective length 5 as depicted in Figure 2, the density
of the mesh structure has been increased both in the proximal section 7 and in
distal section 9 as compared with the middle section 8. This results in the radial
force reduction in the proximal and distal region frequently observed with uni-
formly built up stent structures 2 to be compensated by providing a wire arrange-
ment of higher density.
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Claims

1. Device with a stent structure (2) which is intended for insertion into
blood vessels of the human or animal body, wherein the stent structure (2) has an
expanded state, in which it lies against the inner wall of the blood vessel, and a
contracted state, in which it can be moved through the blood vessel within a
microcatheter, wherein the stent structure (2) is connected, preferably at its proximal
end, to a pusher wire (3) and the stent structure (2) is composed of individual braces
connected to one another or of individual wires forming a mesh structure, wherein
the device (1) can be used to treat a vasospasm and the stent structure (2) has a
proximal, a middle and a distal section (7, 8, 9), wherein the proximal section (7)
comprises the proximal end at which the stent structure (2) is connected to the
pusher wire (3), and wherein the expanded stent structure (2) outside the proximal
end exerts a substantially constant radial force over the effective length (5),
wherein the effective length defines that part of the stent structure (2) which in the
expanded state abuts against the inner wall of the blood vessel, characterized in
that the braces or wires in the proximal and distal sections (7, 9) have a larger
cross-section than in the middle section (8) and/or the density of the braces or
wires in the proximal and distal section (7,9) is higher than in the middle section

(8).

2. Device according to claim 1, characterized in that the stent structure
(2) is self-expanding and changes automatically to the expanded state after
release from the microcatheter.

3. Device according to claim 1 or 2, characterized in that the stent
structure (2) has openings between the individual braces or wires which have an
inscribed diameter ranging between 0.1 and 6 mm in the expanded state.
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4. Device according to any one of claims 1 to 3, characterized in that
the braces or wires have a height and width of between 30 and 300 um in the
case of an essentially rectangular cross-section and a diameter of 30 to 300 uym
in the case of a round cross-section.

5. Device according to any one of claims 1 to 4, characterized in that
the stent structure (2) has no braces or wires at the proximal and/or distal end in
the center.

6. Device according to any one of claims 1 to 5, characterized in that
the stent structure (2) has braces or wires at the distal end in the center.

7. Device according to any one of claims 1 to 6, characterized in that
the stent structure (2) has an antithrombogeneous coating on the inner side.

8. Device according to any one of claims 1 to 7, characterized in that
the stent structure (2) has a vascular-relaxing coating on the outside.

9. Device according to any one of claims 1 to 8, characterized in that
the stent structure (2) has a radiopaque coating, in particular a gold coating, in
whole or in part.

10.  Device according to any one of claims 1 to 9, characterized in that
the force exerted radially outwards from the expanded stent structure (2) is 2 and
16 N/m, preferably 5 to 8 N/m.
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Vasospasm Treatment

Abstract

The invention relates to a device (1) having a stent structure (2) intended for the
insertion into blood vessels of the human or animal body, wherein the stent struc-
ture (2) assumes an expanded state during which it is in contact with the inner
wall of the blood vessel and a contracted state during which the stent structure
being located in a microcatheter can be moved through the blood vessel, wherein
the stent structure (2) preferably being connected at its proximal end with a deliv-
ery aid (3) and wherein the device (1) being employed for the treatment of vaso-
spasm. Moreover, the invention also relates to a relevant method for the treatment
of vasospasm.

- Fig. 1a -




