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Thrombectomv Device

The invention relates to a thrombectomy device having an essentially cylindrical

stent structure comprising a plurality of meshes as well as two connectors ar-

ranged at various meshes at the proximal end of the stent structure, and a gui-

dewire provided with a coupling element to which the connectors are attached.

ln particular, the thrombectomy device is intended to remove, for the patient in a

gentle and reliable manner, clots/thrombi occurring in the cerebral area as they

are frequently encountered during apoplectic strokes.

Thromboembolic diseases such as cardiac infarction, pulmonary embolism, pe-

ripheral thrombosis, organ embolisms etc. are typically caused by a throm-

boembolism (hereinafter for short clot or thrombus), i.e. a visco-elastic blood clot

comprising platelets, fibrinogen, coagulation factors etc. forming in a blood ves-

sel which it obstructs either wholly or in part. The obstruction of organ arteries

also leads to the supply of oxygen and nutrients to the associated tissue being

interrupted. The disorder of the functional metabolism linked with functional

losses is closely followed by a failure of the structural metabolism resulting in the

relevant tissue becoming destroyed (infarction). Organs most frequently affected

in this way are the heart and the brain. Nevertheless, the arteries of the limbs as

well as pulmonary arteries are also impaired. Venous thromboses and throm-

boembolic occlusions are frequently occurring in the leg and pelvic veins as well.

The disease pattern of a thrombotic occlusion of an intracranial sinus may lead

to severe intracerebral hemorrhage due to a failure of venous drainage of brain

tissue.
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ln view of the severity of the disease patterns associated with thromboembolism

and the prevalence rate of such diseases various techniques are known which

are aimed at dissolving or removing clots/thrombi.

It is known in this context to treat such patients with thrombolytic agents such as

streptokinase or urokinase or anticoagulants intended to achieve thrombolysis or

limit the clot growth. Since treatment methods of this kind are usually very time

consuming they are frequently combined with invasions aimed at reducing the

size of or removing the clot or embolus mechanically.

Aside from open surgical operations prior art techniques more and more em-

brace the use of transluminal or endovascular, catheter-guided interventional

therapy methods because these are of less invasive nature. lt is thus known to

remove the clot from the patient's body by means of vacuum producing suction

catheters or mechanically using catheters provided with capturing cages, coils,

hooks or similar elements; refer to US 6 245 089 81, US 5 171 233 41, Thomas

E. Mayer et al., Stroke 2002 (9),2232.

Drawbacks associated with thrombolytic treatment methods are that they sel-

dom bring success after relevant time frame requirements have expired. Also

the known transluminal devices often fail to remove the clot completely and,

moreover, there is a risk of the clot or fragments thereof being released into the

blood stream thus passing on to vessels of smaller lumen where they may only

be reached or treated with difficulty. Furthermore, due to their size and/or low

flexibility the devices known from prior art are only inadequately suited for the

removal of clots from greatly convoluted vessels or those of particularly small

lumen such as those in the brain.

From publication WO 2004/008991 A1 a medical implant is known that is de-

signed in the form of an open stent and intended for the treatment of aneurysms

and other vascular malformations. Via a guidewire this implant is transferred to

the application site and released there. lt was proposed to employ this combina-

tion of implant and guidewire for the extraction of clots which necessitated, how-

ever, to refrain from detaching the implant element from the guidewire. However,

disadvantage of this configuration is that tensioning or spring forces are relative-

10

15

20

25

30



5

3

ly low. The shearing effect this device exerts on the clot located in the wall of the

vessel is not always sufficient so that clot remnants are left in the vessel. The at-

tachment method to the guidewire via a tapering structure (teardrop shape) re-

sults, in particular, in the proximal area of the structure becoming more slim or

slender under tension which impairs the efficiency of the device.

ln view of the disadvantages linked with prior-art technology it is therefore the

objective of the present invention to provide a device for the extraction of foreign

objects and clots out of blood vessels, said device especially allowing the re-

moval of clots from vessels of small lumen, being well maneuverable in greatly

convoluted vessels, and having a large effective surface/area.

According to the invention this objective is reached by proposing a device of the

kind first mentioned above that is provided with a slot extending helically over

the generated surl'ace of the stent structure, with a retaining clip spanning said

slot at the proximal end of the stent structure.

The device according to the invention consists of a cylindrical structure as it is
used for stents, with said structure having a plurality of meshes. Via two connec-

tors said structure is attached to a guidewire which enables the structure to be

accurately placed. At the proximal end the connectors are arranged in a mesh

structure and terminate in a coupling element constituting the distal end of the

guidewire.

The term ,,proximal" as it is used here denotes the end or side nearest to the at-

tending physician whereas the ,,distal" end or side faces away from the physi-

cian, for example of the stent structure or the guidewire.

The mesh structure of the stent may be provided in the form of a braided struc-

ture, i.e. consisting of individual wires, but should preferably be a cut structure

for which a tube of suitable diameter is used out of which the mesh structure is

cut by means of a laser. The material is usually a metal, however plastic materi-

al may be employed as well. The elasticity of the material must be sufficient to

enable a contraction to suit the diameter of a customary catheter and, moreover,
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bring about the expansion to assume the desired and prescribed diameter when

liberated from the catheter.

Apart from iron alloys (stainless steel, spring steel) and cobalt-chromium alloys

especially shape memory alloys are suited for use as stent material, for example

binary titanium-nickel al loys (Nitinol) and ternary nickel-titanium-chromium alloys

(chromium-doped alloys). Nitinol in particular is known for application in self-

expanding stent structures in the neurovascularfield.

The inventive device is basically a flaUplanar structure rolled up to form a tubular

object which is provided with a slot extending over the generated surface of the

stent structure in a coiled or helical fashion. This slot may extend to form a com-

plete coiUhelix of 360" but may also be arranged to just form a partial coil/helix of

180' or 120' for example. The generated surface of the stent structure is open in

the area of said slot with the width of the slot at the place of application also be-

ing determined by the lumen of the vessel since the structure of the stent when

released from the catheter is capable of unfolding only to such an extent as the

vessel lumen permits.

To fix the stent structure in position and also bring a certain amount of tension to

bear on the structure a retaining clip is used to span the slot at the proximal end

of the stent structure. This retaining clip increases the radial force of the self-

expanding structure and, moreover, Serves to keep the oppositely arranged

edges of the stent structure alongside the slot in position relative to each other.

In addition to the retaining clip arranged at the proximal end the inventive throm-

bectomy device may also be provided with more retaining clips to be located in

the central and distal area. However, in the event shape memory materials ca-

pable of exhibiting an adequate shape recovery effect are employed retaining

clips may be dispensed with altogether.

Application of the inventive thrombectomy device requires its transfer by means

of a catheter to the application site where it is released from the catheter either

within the clot itself or at a location distally of the clot. The device expands within

the vessel and adapts to the vessel lumen. As soon as the device unfolds or
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when it is retracted the clot material is captured in the mesh structure and car-

ried along when the device is drawn back into the catheter. Fragments of the

clot still adhering to the wall of the vessel are removed and entrained by the

shearing action carried out by the mesh and along the edges of the slot. The clot

is drawn into the catheter and extracted from the body when the catheter is re-

moved.

For the extraction of the clot the helical configuration of the slot over the gener-

ated sudace offers special advantages in that the edges of the stent structure

alongside the slot move tangentially along the circumference of the wall of the

vessel. This improves the shearing effect. Moreover, the helical or coiled exten-

sion of the slot also improves (reduces) the bending stiffness in such a way that

the device can better adapt to tortuous vessel patterns. This not only facilitates
placement of the device but also the extraction of clots from complex vessel

structures.

The proximally arranged clip enhances the radial forces the stent structure ex-

erts in the proximal area. ln particular, the provision of this clip not only reduces

slimming of the stent structure but also the tensile stresses as they occur when

the device is retracted into the catheter. At the same time an additional peeling

effect is brought about same as achieved with the meshes and edges of the

stent structure.

However, of special significance is that the unfolding force in the proximal zone

is improved which enables the stent structure to be optimally adapted to the

vessel lumen. At the same time this arrangement prevents the stent areas which

are separated by the slot from being displaced relative to each other.

To enable the stent structure with clip to be easily retracted into the catheter the

retaining clip is arranged so as to point towards the distal end of the stent struc-

ture. This means the curved portion of the clip is closed distally while at the

proximal end and together with the connectors it forms a loop which terminates

in the coupling element, similar to the opening in a capturing basket.
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Alternatively, the retaining clip spans the slot in the stent structure in a wave-like

fashion, for example in a manner that the clip takes up and continues the con-

tour of the mesh structure edges from one side of the slot to the other.

ln accordance with a variant of the invention the inventive stent structure may be

closed off at the distal end by means of a mesh structure with a view to collect-

ing thrombotic material as if using a capturing basket.

As mentioned earlier, the stent structure according to the invention is preferably

cut out of a cylindrical tube with the help of a laser. Using this method the indi-

vidual meshes can be provided with a special cross section, for example a

square, rectangular or trapezoidal one. ln the case of rectangular and trapezoid-

al shapes either the narrow or small side of the cross section can be arranged

on the outer surface or the long side. lt is preferred, however, that the narrow

side of both the rectangular shape and, in particular, the trapezoidal shape faces

the vessel wall which enables the clot to penetrate into the mesh structure more

easily and allows the clot mass to be effectively displaced when the stent struc-

ture expands.

The connectors located at the proximal end of the stent structure lead from the

proximal honeycombs adjoining the slot to a coupling element to which the ho-

neycombs are attached and in which they terminate. They are part of the stent

structure and for that reason consist of the same material.

The guidewire of the thrombectomy device according to the invention is of cus-

tomary make as it is commonly used for endovascular purposes and especially

in the field of neuroradiology. Distally, it terminates in the coupling element to

which the proximal ends of the connectors are attached.

The coupling element itself may be a simple spot weld where guidewire and

connector converge and terminate. However, the coupling element may also be

of customary design allowing the liberation of the cylindrical stent structure

whenever necessary, especially if a retrieval is not desirable or inappropriate for

medical reasons because such a retrieval would result in impairing the patient.

ln such a case the stent structure can remain in the body as a stent and be ef-
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fectively put to use in that it forms out a duct or channel within the clot with the

mesh structure causing the clot to be pressed against the vessel wall.

ln the latter case, for example, the coupling element is a mechanical one suita-

bly designed to permit the connectors being released when exiting the catheter.

Numerous systems of this nature have been described in technical literature,

likewise hydraulic disconnecting systems. Especially suited are electrolytic de-

tachment systems in which an electrolytically corrodible part is dissolved by ap-

plying electrical energy resulting in the connection between stent structure and

guidewire being severed. As per a first variant the coupling element may be de-

signed as such an electrolytically dissolvable part whereas a second variant

provides for the connectors being equipped with such a detachment point or a

separate detachment element which dissolves when electrical current is applied.

Suitable detachment elements are pre-corroded stainless steel elements, mag-

nesium elements or cobalt-chromium alloys. Such systems have been described

in literature.

For the design of the proximal area of the cylindrical stent structure preferably

short connectors are to be provided. The distance between the proximal end of

the mesh structure and the coupling element shall be kept short to reduce, on

the one hand, the unused device length and moreover increase the tension in

the capturing sling formed with the retaining clip at the proximal end of the struc-

ture. As proposed by a special embodiment of the invention the distal area of the

cylindrical stent structure may be enlarged in a cone- or trumpet-shaped fashion

to enable this area of the device to be well adapted to the vessel lumen. To ef-

fectively remove clots/thrombi from a vessel the effective area of the device

must be as large as possible so that the surface of the device has optimal con-

tact with the vessel wall. The larger the contact surface the higher the chances

of eliminating the clot completely.

Guidewire andior stent structure may be provided in the usual way with radiopa-

que markers, for example in the form of spirals or sleeves.

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

way of examples, where
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Figure 1

I
is a planar representation of a first variant
of the inventive stent structure;

Figure 2 is a spatíal representation of the stent
structure shown in Figure 1;

Figure 3 is a planar representation of a second va-
riant of an inventive stent structure;

Figure 4 illustrates a spatial representation of the
stent structure shown in Figure 3 with at-
tached guidewire;

Figure 5 is a perspective view of an inventive stent
structure with two connectors;

Figure 6 is a representation of the cross sections of
the stent structure strands;

Figure 7 is a schematic view of the inventive throm-
bectomy device;

Figure 8 is a planar view of another embodiment
and

Figure 9 is a spatial representation of the stent
structure shown in Figure 8.

Figures 1 and 3 show two variants of an inventive cylindrical stent structure 1 il-

lustrating individual meshes 3 and 4 and connectors 5 and 5'. Meshes 3 and 4

are of different shape, with mesh type (3) having a wave-like form and mesh

type (4) a more rounded form with two tips. These two interacting mesh

types/shapes lend stability as well as flexibility to the overall device structure.

ln the planar representations of Figures 1 and 3 a slot or duct 7 extends through

the stent structure, said slot being spanned by retaining clip 9 at the proximal

end of the structure. Slot 7 is delimited by edges 10 and 10'of the mesh struc-

ture. Slot 7 does not run parallelly to the longitudinal axis of the structure but ob-
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liquely to it so that in a spatial representation the slot progresses in a helical

configuration along the generated surface of the device (see Figure 214).

Figures 1 and 3 show a planar representation of the cut-apart stent structure 1;

the spatial representations are shown in Figures 2 and 4. As can be seen from

the planar representation meshes 3 abut directly against meshes 3' in such a

manner that an all in all tubular object is formed with a slot or duct 7 extending

around roughly half of the generated surface 8.

The variants illustrated in Figures 1 and 3 differ as far as the form of connectors

5 and 5' are concerned which in the case of Figure 3 are of greater length and

attached to a coupling element 11 (see Figure 4). The coupling element 11 may,

for example, be of electrolytically corrodible type, i.e. a system that enables the

stent structure 1 to be detached from guidewire 12 (see Figure 4). ln the variant

depicted in Figure 2 Nvo detachment or severance elements 6, 6' may be pro-

vided for the purpose of disconnecting the device electrolytically.

Common to both embodiments is that slot 7 is spanned by retaining clip 9. The

retaining clip I is attached to the edges 10, 10'of the honeycombs of the mesh

construct with the clip curvature pointing towards the distal side of the stent

structure. This enables the stent structure to be retracted into a catheter without

problems. Together with the adjoining connectors 5 and 5' the retaining clip 9

forms a capturing loop or opening of a capturing basket terminating in the coupl-

ing element 11 (Figure 4). Moreover, the distal end of the stent structure may be

closed off by means of a mesh structure.

ln Figures 2 and 4 which illustrate the stent structures of Figures 1 and 3 in the

form of a spatial representation the strands of the stent structure that are located

at the rear are shown in light color. lt is noticeable from the figures that at the

proximal end of the structure slot 7 is located that passes under retaining clip 9

and extends in a helical fashion to the right around the generated surface 8 of

the stent structure. Distally, slot 7 ends at the underside of the stent structure 1

and thus has performed a turn of approximately 180'.
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Figure 5 is a spatial representation of an inventive stent structure with connec-

tors 5 and 5' being provided with inwardly pointing hooks arranged with a view to

engaging with a suitably designed receiving portion of a coupling element 11 of

a guidewire 12. As long as the coupling element accommodating the proximal

end of the connectors 5 and 5' is situated inside a catheter the stent structure 1

remains connected to the guidewire. When the device is pushed out of the ca-

theter said link between connectors 5, 5' and coupling element 11 is broken so

that the structure is released to function as stent remaining in the vascular sys-

tem. However, such a disconnection will only take place in special (emergency)

cases, for instance if the device cannot be retracted into the catheter readily or

without causing problems.

Clearly visible in Figure 5 is the loop structure formed by retaining clip 9 and

connectors 5, 5' as well as the arrangement of strands 12 of the stent structure

over generated surface 8, with edges of said strands serving to act on the clot

material to be removed by shearing it off the vessel wall.

Figure 6 shows the two preferred embodiments of strands 12 having a rectangu-

lar and a trapezoidal cross section, with the narrow or small side of the strands

pointing in both cases towards the generated surface I of the stent structure 1,

and thus, respectively, to the wall of the vessel 13. These design variants en-

sure that the meshing not only has the desired stability but also exerts a good

shearing and displacement effect on the clot.

Figure 7 shows as a schematic representation the buildup of an inventive

thrombectomy device comprising the guidewire 12, coupling element 11, the

area of the proximal attachment with connectors 5, 5', the effective area with

generated surface 8 as well as the distal area 13 having a trumpet-shaped en-

largement.

Figure 8 shows another embodiment of a thrombectomy device according to the

invention that essentially coincides with the respective device as per Figure 1. ln

comparison to the latter there is a differently designed retaining clip 9 that prox-

imally spans or bridges the slot 7. The retaining clip 9 in this case has a wave-

like configuration and is attached to the lateral surface or edge of the mesh
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structure 10 from where it passes over to the oppositely arranged edge10' thus

continuing the wave-like mesh contour. The connectors 5, 5' with adjoining

mesh edges and the retaining clip 9 jointly form a kind of loop similar to the

opening of a capturing basket which facilitates retracting the thrombectomy de-

vice into a catheter and moreover is suited to shear off clots or clot remnants

adhering to the wall of a vessel.

It is to be understood that Figure 8, same as Figures 1 and 2, illustrates the in-

ventive device cut apart, i.e. is a planar representation. Nevertheless, the device

actually has of course a spatial tubular form as shown in Figure 9 which shows it

integrated in a tube.

Figure 9 is a spatial view of the thrombectomy device illustrated in Figure I
wherein the strands and meshes located at the front side are shown as solid

lines and those at the rear side as dashed lines. The two connectors 5 and 5'

join and terminate in coupling element 11 and together with the adjoining mesh

edges and the retaining clip 9 form the ,,capturing basket" as described herein-

before. The figure indicates the helical configuration and extension of slot 7. Slot

7 is delimited by mesh edges 10 and 10' and spanned by the retaining clip 9.

ln the drawings identical reference numerals are meant to refer to the same sub-

ject matter.
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1. Thrombectomy device with

an essentially cylindrical stent structure (1) having a plurality of meshes

(3, 4) as well as two connectors (5, 5') arranged at different meshes (3) at the

proximal end of the stent structure (1), and

a guidewire (2) provided with a coupling element (11) to which the con-

nectors (5, 5') are attached,

characterized by a slot (7) extending in a helical or coiled fashion over the

generated surface (8) of the stent structure (1), and a retaining clip (9) spanning

the slot (7) in a wave-like manner at the proximal end of the stent structure (1).

2. Device according to claim 1, characterized in that it consists of a

shape memory material, preferably of Nitinol or a nickel-titanium-chromium alloy.

3. Device according to claim 1 or 2, characterized in that the curva-

ture of the retaining clip (9) points towards the distal end of the stent struc-

ture (1).

4. Device according to any one of claims 1 to 3, characterized in that

the retaining clip (9) and the connectors (5, 5') form a loop that terminates in

coupling element (11).

Claims
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5. Device according to any one of the above claims, characterized in

that said device is provided with one or several additional retaining clips (9) ar-

ranged in the central and/or distal portion of the stent structure (1).

6. Device according to any one of the above claims, characterized in

that the stent structure (1) is cut out of a tube and provided with strands having

rectangular or trapezoidal cross sections.

7. Device according to claím 6, characterized in that the generated

surface (8) of the stent structure (1) is formed by the narrow or small side of the

strand cross sections.

8. Device according to any one of the above claims, characterized in

that the stent structure (1) can be detached from the guidewire (2) mechanically,

hydraulically, or electrochemically.

9. Device according to claim 8, characterized in that the coupling

element (11) is designed as detachment or severance element.

10. Device according to claim 8, characterized by two detachment lo-

catio ns, prefe ra bly havi ng electrochem ica I d etach ment characteristics.

11. Device according to any one of the above claims, characterized in

that the coupling element (11) is arranged peripherally.

12. Device according to any one of the above claims, characterized in

that the distal end of the stent structure (1) has a cone- or trumpet-shaped en-

largement.

'13. Device according to any one of the above claims, characterized by

marker elements.
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