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(54) THROMBECTOMY DEVICE AND THROMBECTOMY EQUIPMENT

(57) A thrombus removal means (300) and a throm-
bus removal device (1) particularly suited to the removal
of a thrombus from an intracranial vessel. The thrombus
removal means (300) is a mesh structure defining a lu-
men and is switchable between a contracted configura-
tion and an expanded configuration, the thrombus re-
moval means (300) has a plurality of inwardly arching
ribs (321) extending in the lumen, each of the plurality of
inwardly arching ribs (321) has a three-dimensional con-
tour and has both ends thereof fixed to the mesh struc-
ture. The thrombus removal device (1) includes a guide
wire, a pusher shaft (100), an outer sheath (2) and an
inner tube (4) movable relative to the outer sheath (2),
the guide wire is inserted through the inner tube which
is in turn received in the outer sheath and is movable
over the guide wire, the thrombus removal device further
includes a thrombus removal means.
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Description

TECHNICAL FIELD

[0001] The present invention relates to medical instru-
ments and, in particular, to a medical instrument for vas-
cular intervention and, more particularly, to a means for
removing a thrombus from an intracranial vessel. The
invention is also directed to a thrombus removal device
incorporating the means for removing the thrombus,
which is particularly suited to the removal of a thrombus
from an intracranial vessel.

BACKGROUND

[0002] Intravascular thrombosis is a high-incidence
disease frequently encountered in clinical practice, and
intracranial thrombosis has the most serious conse-
quences and can lead to cerebral infarction. Intracranial
thrombosis is known to have high incidence, morbidity,
mortality and recurrence rate, and is ranked as a leading
cause of disability and death among middle-aged and
elderly people. With the increasing elderly population and
living standards, the number of patients with cerebrov-
ascular diseases has been increasing. Surveys reveal
that, in China, three million people are initially diagnosed
with cerebral thrombosis every year and acute strokes
have accounted for 81.6% of all strokes, compared to
the previous percentage of 55.8%, becoming the most
frequent disease of the brain.
[0003] Blood flow restoration is crucial for the treatment
of acute ischemic strokes. At present, the treatment of
intracranial thrombosis is based essentially on lysis by
thrombolytic drugs and mechanical removal.
[0004] The lysis approach involves infusing a throm-
bolytic agent around an occlusive thrombus in a blood
vessel to instantly create there a high concentration of
the agent to facilitate lysis of the thrombus and increase
the likelihood of blood flow restoration. However, accord-
ing to findings of the U.S. National Institute of Neurolog-
ical Disorders and Stroke (NINDS), intravenous lysis
should be effectuated within 3 hours since the onset, and
the time window for intra-arterial lysis is only 6 hours.
Such limited time windows narrow the application of this
treatment only to small clots and make it unfavorable for
relatively large clots. As a result, only about 3-5% of pa-
tients are suitable for the lysis approach.
[0005] Mechanical removal is to deliver a thrombus re-
moval device to a lesion, which helps to retrieve a clot
by means of a sheath. Mechanical removal may be ac-
complished in several ways such as, for example, cap-
ture, extraction, rotary cutting, etc. Although the capturing
approach performs best in removing large clots, it tends
to cause plaques to dislodge from the vessel wall or
cause clot fragments, which may then travel with the
blood flow and block a downstream vessel. If the blocked
vessel happens to be an important branch vessel, a se-
vere medical accident may occur. In addition, use of the

capturing approach is also associated with the issue of
incomplete removal and remaining thrombus material,
which often lead to secondary acute embolism. The ex-
traction approach is more suitable for the removal of rel-
atively small clots. When used to remove a large clot, it
requires fragmentation of the large clot by repeatedly dis-
turbing it beforehand in order to avoid occlusion of the
used extracting catheter. The extraction process is com-
plex and is very likely to lead to vascular injury. The rotary
cutting approach can lead to larger damage to treated
vessels and tends to cause complications.
[0006] Chinese Utility Model Application No.
03210077.9 disclosed an ellipsoidal distal protection de-
vice, comprising a stented ellipsoidal main body tapered
at the both ends and a porous polymer membrane cov-
ering an upper portion of the stent. The membrane allows
the passage of normal blood flow and traps solid particles
such as dislodging plaques or emboli, thereby protecting
downstream vessel from being occluded. Chinese Utility
Model Application No. 200620164685.4 disclosed a
thrombus removal device for use in lower limb arteries,
consisting of an umbrella portion, a main shaft, a pusher
guide wire, an inner catheter, an outer sheath and a core
in the outer sheath. The umbrella portion is made up of
shape memory alloy wires, two long struts and one short
strut, and is angularly soldered to the main shaft. Addi-
tionally, a mesh structure for trapping emboli is disposed
around the umbrella portion. U.S. Patent Publication Nos.
2007/0005103, 2008/0243170 and 2011/0098738 dis-
closed emboli capturing devices with the similar struc-
tures, each comprising a stent and a filter mesh or mem-
brane for trapping emboli that is attached to the stent. All
of these devices, however, are too bulky to be delivered
to an intracranial vessel.
[0007] Chinese Patent Application No. 01114889.6
disclosed a reusable temporary emboli filter which can
be used in intracranial vessels. The emboli filter is com-
prised of a filter body, a guide tip, a guide pole, an inter-
connection and an outer sheath. The filter body is braided
from shape memory alloy wires. U.S. Patent Publication
No. 2011/0160763 disclosed a thrombus removal device
also useable in intracranial vessels. This thrombus re-
moval device includes a scaffold for capturing a throm-
bus, which can be braided from shape memory alloy
wires. However, these thrombus removal devices are
both structurally complicated and lack of stiffness for
holding a captured thrombus or embolus during the re-
trieval process. As a result, it is possible for the captured
thrombus or embolus to dislodge during the retrieval
process.
[0008] Furthermore, use of the conventional thrombus
removal devices tends to cause distal embolization due
to possible dislodgement of plaques from the vessel wall
or formation of clot fragments during the use. It has been
reported that fragmented pieces and pellets of blood clots
travelling toward distal vessels, which expose the pa-
tients to an increased risk of vascular reocclusion, are
witnessed in about 70% of endovascular thrombus re-
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moval procedures. For example, the Solitaire™ FR sys-
tem, available from the U.S. EV3 Inc., is an intracranial
thrombus removal device that is most accepted among
those commercially available by the western physicians
in the treatment of acute thrombosis. The system em-
ploys a capturing approach, in which it captures a throm-
bus after being delivered over a hypotube and being de-
ployed therefrom and is then retrieved from the body to-
gether with the thrombus in a state of being received
together therewith in a guide catheter having an larger
inner diameter. According to the physicians, as the
thrombus removal device is inadequate in radial force, it
is often the case that the captured thrombus detaches
from the thrombus removal device during the retrieval
process, thus requiring repeated recaptures. This leads
to increased suffering of the patient, extended operation
time, and increased likelihood of distal embolization.
[0009] Therefore, there is a need for an improved
thrombus removal device, which 1) entails a simple and
convenient thrombus removal process; 2) provides a high
flexibility, high capturing ability and high radial force while
causing no vascular injury; and 3) more firmly holds the
captured thrombus with less likelihood of dislodgement
during the retrieval.

SUMMARY OF THE INVENTION

[0010] In view of this, the present invention addresses
the issue of distal re-embolization caused by the vessel
wall plaques or clot fragments dislodging from the con-
ventional thrombus removal devices by presenting an
improved thrombus removal system with the additional
benefit of a small profile and high flexibility.
[0011] According to one aspect, the present invention
provides a means for removing a thrombus from a vessel,
which is a mesh structure defining a lumen and is switch-
able between a contracted configuration and an expand-
ed configuration. The thrombus removal means has a
plurality of inwardly arching ribs extending from the mesh
structure into the lumen, each of the plurality of inwardly
arching ribs having a three-dimensional contour and both
ends thereof fixed to the mesh structure. As used herein,
the term "three-dimensional contour" denotes a non-pla-
nar contour. This results in an increased thrombus cap-
turing ability, thereby facilitating the likelihood of capture
in a single pass. This can reduce the suffering of a patient
during the operative procedure and allows a captured
thrombus to be firmly held. As a result, dislodgement of
the captured thrombus during the retrieval which may
cause secondary embolization in distal small vessels is
prevented, and the likelihood of complications occurring
due to the removal is reduced.
[0012] The mesh structure of the thrombus removal
means can be formed by, for example, laser-cutting a
nitinol tube. The plurality of inwardly arching ribs may be
formed by heat treatment, and form an integrated struc-
ture together with the mesh structure.
[0013] According to the present invention, the plurality

of inwardly arching ribs are desirably oriented in an axial
or circumferential direction of the mesh structure. When
the number of the plurality of inwardly arching ribs is a
predetermined number, the plurality of inwardly arching
ribs are preferably oriented in the axial direction. Axially
oriented ribs can result in an adequately lower radial
force, by about 30% than that when they are circumfer-
entially oriented. In addition, the axially oriented ribs allow
the thrombus removal means to have a smaller profile
when in the contracted configuration. This enables the
thrombus removal means to be delivered with a smaller
force and to reach smaller blocked vessel. Compared to
the case of circumferentially oriented ribs, the axially ori-
ented ribs can result in a reduction of about 50% of the
required delivery force.
[0014] Preferably, each of the inwardly arching ribs
forms an angle of 30-90º with a tangent of an outer cir-
cumference of the mesh structure at a position where the
inwardly arching rib is fixed to the mesh structure. The
angles of the plurality of inwardly arching ribs may be
identical or not identical. For example, the angles may
gradually increase, decrease or periodically vary along
a direction from a proximal end toward a distal end of the
thrombus removal means.
[0015] Preferably, the thrombus removal means has
an overall cylindrical shape in the expanded configura-
tion. This imparts desirable radial force to the thrombus
removal means, so that it can well adhere to the wall of
a vessel after being deployed from an outer sheath of a
thrombus removal device.
[0016] Preferably, in the expanded configuration, the
thrombus removal means has a nearly oval opening. This
allows the thrombus removal means to be easily crimped
into the outer sheath of the device while ensuring a suf-
ficient area of the thrombus removal means for thrombus
capture.
[0017] According to the present invention, the plurality
of inwardly arching ribs may have one of the following
distribution patterns: spiraling toward the same direction,
spiraling toward opposite directions, spiraling toward in-
tersecting directions, being distributed in a symmetrical
manner, and being distributed in an alternating manner.
Additionally, the plurality of inwardly arching ribs may be
located at the same or different positions with respect to
the corresponding cells of the mesh structure and may
extend inwardly the same or different lengths. Adjusting
such positions and lengths of the plurality of inwardly
arching ribs can result in different radial force and throm-
bus capturing abilities of the thrombus removal means,
which are adapted to thrombi with different diameters
and hardness.
[0018] Preferably, cells of the mesh structure have a
length-to-width ratio greater than 1 and smaller than 2.
In addition, a distance h1 from a location where a rib is
fixed to the mesh structure to a position where a corre-
sponding cell of the mesh structure is interconnected with
an adjacent cell thereof in a widthwise direction of the
corresponding cell satisfies the relation: 1/4h<h1<3/4h,
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and/or a distance h2 from a middle point of the rib to the
position where the corresponding cell is interconnected
with the adjacent cell satisfies the relation: 3/4h<h2<7/4h,
where h is half of a width of the corresponding cell.
[0019] According to the present invention, the throm-
bus removal means may be fully or partially closed at the
distal end, and is preferably fully closed thereat. This ef-
fectively prevents a small thrombus that has been cap-
tured by the thrombus removal means from dislodging
from the distal end during the retrieval. The closure may
be accomplished by a soldering joint, a metal sleeve or
a metal wire coil. The sleeve or coil may be formed of
platinum, gold, tungsten, platinum-tungsten, platinum-
iridium, etc. and may function as a radiopaque marker.
[0020] Preferably, at the distal end, the thrombus re-
moval means may terminate at an elongate tip which is
wound with a coil. The combined use of the elongate tip
and the coil can increase the flexibility at the distal end
of the thrombus removal means, which makes the throm-
bus removal means better compliant with and less stim-
ulatory to the wall of a vessel, in particular, a tortuous
vessel, thus presenting puncture of the vessel wall by
the thrombus removal means which may lead to a serious
accident. The coil may be formed of a platinum, platinum-
iridium, silver, etc. wire.
[0021] According to another aspect, the present inven-
tion provides a thrombus removal device, which includes
a guide wire, a pusher shaft, an outer sheath and an inner
tube movable relative to the outer sheath. The guide wire
is inserted through the inner tube which is in turn received
in the outer sheath and is movable over the guide wire.
The thrombus removal device further includes a throm-
bus removal means as defined above. The thrombus re-
moval means is attached to the pusher shaft (e.g., by
soldering, riveting and press fitting) and is crimped into
the inner tube together with the pusher shaft after they
are assembled in this manner. In addition, the thrombus
removal means is switchable between a contracted con-
figuration and an expanded configuration upon being re-
tracted or advanced by the pusher shaft such that it is in
the contracted configuration when received in the inner
tube and is pushed out of the inner tube when in the
expanded configuration. Preferably, the outer sheath fur-
ther includes an occlusion balloon disposed at its distal
end. This thrombus removal device is capable of firmly
holding a captured thrombus with an improved stiffness
and with no possibility for the thrombus to dislodge there-
from.
[0022] Preferably, the thrombus removal means is at-
tached to the pusher shaft by means of a tethering con-
nector which is positioned closely adjacent to a vessel
wall when the thrombus removal means is in the expand-
ed configuration. This significantly facilitates the capture
of a large clot. The tethering connector may be effectu-
ated as a soldering joint, a metal sleeve or a metal wire
coil. The sleeve or coil may be formed of platinum, gold,
tungsten, platinum-tungsten, platinum-iridium, etc. and
may function as a radiopaque marker.

[0023] Preferably, the pusher shaft has a radius de-
creasing stepwise from a proximal end of the pusher shaft
toward a distal end thereof. The reduced profile at the
distal end, as well as, the gradually shrinking radial di-
mension along the axial direction can provide a further
increase in the flexibility. The pusher shaft may be fab-
ricated from, for example, nitinol or stainless steel, and
can assume a generally cylindrical shape.
[0024] Preferably, a distal portion of the pusher shaft
is wound with a coil which may be made of a platinum,
platinum-iridium, silver, etc. wire. The coil disposed over
the distal portion can result in an increase in torque re-
sistance. Additionally, proper design of coil length and
push shaft sections can achieve a synergistic effect, i.e.,
increasing torque resistance while not significantly re-
ducing flexibility. Therefore, use of the coil can not only
augment the delivery ability of the pusher shaft, but can
also enhance its visibility in X-rays. This can result in an
improvement in positioning accuracy.
[0025] Preferably, a heat shrink tube is disposed at
least over the coil. Materials from which the heat shrink
tube can be fabricated include polytetrafluoroethylene
(PTEF), polyvinylchloride (PVC), polyethylene tereph-
thalate (PET) and fluorinated ethylene propylene (FEP).
Use of the heat shrink tube can enhance force transfer
when the push shaft is advancing in a vessel.
[0026] According to a further aspect of the invention,
there is provided use of a thrombus removal device for
removing a thrombus from an intracranial vessel having
an occlusive thrombus. In the use, an angiographic as-
sessment may be first performed to identify the vessel.
The outer sheath may then be delivered around the
thrombus, followed by inserting the guide wire through
the thrombus. The inner tube may then be delivered over
the guide wire until it passes through the thrombus. After
the positioning, the pusher shaft may be held stationary
and the inner tube may be retracted concurrently to cause
the thrombus removal means to expand within the throm-
bus. After that, the occlusion balloon on the outer sheath
may be caused to occlude the vessel at the proximal side,
and the means may be retracted while engaging the
thrombus. Both of the means and inner tube may then
be retracted within the outer sheath, which may be in turn
subsequently retrieved from the body.
[0027] On the one hand, the thrombus removal device
according to the present invention employs a pusher
shaft having an optimized structure which imparts to the
pusher shaft an increased flexibility and hence an in-
creased ability to pass through tortuous portions of a le-
sion. In addition, the pusher may be provided with a coil
and a heat shrink tube, which can enhance force transfer
and thus facilitate the release and retraction of the throm-
bus removal means according to the present invention.
On the other hand, the thrombus removal means has an
improved structure and employs three-dimensionally
contoured, thermally molded inwardly arching ribs ex-
tending in a lumen defined by the means, which can fa-
cilitate capture of a thrombus, i.e., increasing the likeli-
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hood of capturing the thrombus in a single pass, thus
reducing the suffering of the patient during the operative
produce, and holding the captured thrombus firmly to pre-
vent it from dislodging during the retrieval and travelling
in the blood flow to a distal small vessel to cause sec-
ondary embolization there. This can reduce the likelihood
of complications associated with the thrombus removal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The features and advantages of the present in-
vention will become readily apparent from the following
detailed description of embodiments thereof, which is to
be read in connection with the accompanying drawings,
in which:

FIG. 1 is a schematic illustration of a thrombectomy
device;
FIG. 2 schematically illustrates a pusher shaft in an
assembled configuration;
FIG. 3 is a schematic illustration of a thrombectomy
stent;
FIG. 4 shows an axial view of the thrombectomy
stent;
FIG. 5 shows an example of a portion of the
thrombectomy stent having inwardly arching ribs dis-
tributed as spiraling toward the same direction, in
which the portion is shown in an unfolded configu-
ration;
FIG. 6 shows a dimensional relationship between an
inwardly arching rib and a cell of a mesh structure;
FIGs. 7 to 12 show other examples of distribution
patterns of the inwardly arching ribs, in which, the
ribs spiral toward opposite directions in FIG. 7, spiral
toward crossing directions in FIGs. 8 and 9, and are
distributed in a symmetrical or an alternating manner
in FIGs. 10 to 12;
FIG. 13 shows an example of the thrombus removal
means fully closed at its distal end;
FIG. 14 shows an example of the thrombus removal
means partially closed at the distal end;
FIGs. 15 to 18 show examples of a distal portion of
the thrombus removal means, in which the portion
is shown in an unfolded configuration.

DETAILED DESCRIPTION

[0029] Embodiments of the present invention are de-
scribed in detail blow with reference to FIGs. 1-18.
[0030] For the sake of description, the terms "proximal
end" and "distal end" are used in this specification, in
which, the term "proximal end" refers to an end located
nearer to an operating physician, while the term "distal
end" refers to an end located farther from the operating
physician.
[0031] FIG. 1 shows a thrombus removal device, over-
all indicated at 1, constructed in accordance with the
present invention. The thrombus removal device 1 in-

cludes a pusher shaft 100, an outer sheath 2, an inner
tube 4 movable relative to the outer sheath, and a throm-
bus removal means 300. The thrombus removal device
1 also includes a guide wire (not shown) inserted through
the inner tube 4 which is in turn received in the outer
sheath 2, and the inner tube 4 is movable over the guide
wire. The thrombus removal means 300 is attached to
the pusher shaft 100 at a portion 301, for example, by
soldering, riveting or press fitting. After being so assem-
bled, the pusher shaft 100 and the thrombus removal
means 300 are together crimped into the inner tube 4.
As well known by those skilled in the art, the thrombus
removal means 300 can switch between a contracted
configuration and an expanded configuration upon being
retracted or advanced by the pusher shaft 100, such that
the thrombus removal means 300 is received in the inner
tube 4 when in the contracted configuration, and transi-
tions to the expanded configuration after being pushed
out of inner tube 4. The outer sheath 2 may also be pro-
vided with an occlusion balloon (not shown) at the distal
end. The above-described construction is known to those
skilled in the art, and therefore further description in this
regard is believed unnecessary.
[0032] Referring to FIG. 2, the pusher shaft 100 of the
thrombus removal device 1 includes a main body 104
made of nitinol or stainless steel. The main body has a
generally cylindrical shape with a radius decreasing from
a proximal end to a distal end thereof and consisting of
multiple sections. In this embodiment, the main body 104
consists of seven sections, in which sections I, III, V and
VII have the same radius, and sections II, IV and VI each
have a tapered contour. In practice, section VII, indicated
at 103, may have a length of 1600-2400 mm and a di-
ameter of 0.3-0.45 mm and may include a mark for pro-
viding the physician with an indication about the length-
wise position of the pusher shaft during the operative
procedure; section VI has a length of 50-120 mm and a
diameter gradually varying from 0.3-0.45 mm to 0.2-0.35
mm; section V has a diameter of 0.2-0.35 mm and a
length of 50-120 mm; section IV has a length of 100-200
mm and a diameter gradually varying from 0.2-0.35 mm
to 0.15-0.25 mm; section III has a length of 50-120 mm
and a diameter of 0.15-0.25 mm; section II has a length
of 80-150 mm and a diameter gradually varying from
0.15-0.25 mm to 0.10-0.18 mm; and section I is config-
ured as a cylinder having a length of 25-45 mm and a
diameter of 0.10-0.18 mm, or alternatively as a strip hav-
ing a length of 25-45 mm, a width of 0.10-0.18 mm, and
a thickness of 0.04-0.10 mm.
[0033] In addition, a length of 25-100 mm of a distal
portion of the main body 104 can be wound with a coil
101 which may be made of a platinum, platinum-iridium,
silver, etc. wire having a diameter of 0.025-0.070 mm.
Further, a 200-600 mm long heat shrink tube 102 may
be disposed over the coil. Materials from which the heat
shrink tube can be fabricated include PTEF, PVC, PET
and FEP. In this embodiment, as shown in FIG. 2, the
heat shrink tube 102 spans over sections I-V of the main
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body 104.
[0034] Referring to FIG. 3, the thrombus removal
means 300 is overall configured as a mesh structure, for
example, by laser-cutting a nitinol tube. In practice, the
thrombus removal means 300 has an overall length of
15-60 mm, an outer diameter of 2-6 mm in the expanded
configuration, a wall thickness of 0.04-0.12 mm and a
strut width of 0.05-0.08 mm. In addition, the thrombus
removal means 300 has a proximal portion 310 terminat-
ing at an elliptical opening, a closed distal portion 330
terminating at an elongate tip 340, and a tubular inter-
mediate section 320.
[0035] The thrombus removal means 300 defines a lu-
men. As shown in FIG. 4, the mesh structure of the throm-
bus removal means 300 includes a plurality of inwardly
arching ribs 321 each having a three-dimensional con-
tour, i.e., a non-planar profile. The inwardly arching ribs
321 are formed by heat treatment and integrally formed
with the mesh structure in orientations along the axial or
circumferential direction of the thrombus removal means
300. The inwardly arching ribs 321 may be distributed as
spiraling toward the same direction or opposite directions
(FIGs. 5 and 7) or intersecting directions (FIGs. 8 and 9),
or in a symmetrical or an alternating manner (FIGs. 10,
11 and 12). Additionally, the inwardly arching ribs 321
may be located at the same or different positions with
respect to the corresponding cells of the mesh structure
and may extend inwardly the same or different lengths.
[0036] Each of the inwardly arching rib 321 forms an
angle θ with a tangent of an outer circumference of the
mesh structure at a position where the inwardly arching
rib is attached to the mesh structure. In this embodiment,
the angle θ ranges from 30º to 90º. These angles of the
inwardly arching ribs 321 may be the same or different,
and may gradually increase, decrease or periodically
vary along the direction from the proximal end toward the
distal end of the thrombus removal means.
[0037] FIG. 5 shows the thrombus removal means 300
in an unfolded configuration. As illustrated, the proximal
portion 310 includes cells 201, 202, 203 and 204 with
different shapes and different areas in the range of 5-12
mm2 when not being stressed. The struts 301 at the prox-
imal portion have a length of 0.5-5 mm and a width of
0.05-0.20 mm, and the struts 302 have a width of
0.05-0.15 mm. The intermediate section 320 includes
equally sized cells 205 and 207, and the inwardly arching
ribs 321 are disposed on the cells 207 with their two ends
in fixed connection with struts 305 of the intermediate
section 320. The distal portion 330 is composed of sev-
eral (four in this embodiment) struts 339 with a length of
1-12 mm and a width of 0.03-0.12 mm. The dimensions
of the struts 339 may be the same or different.
[0038] FIG. 6 shows a cell on which the inwardly arch-
ing rib 321 is arranged. The cell is interconnected with
adjacent cells at nodes 323 and 324 respectively in the
lengthwise and widthwise directions. As illustrated, the
cell has a width of 2h and a length of 2L. A distance h1
from a node 322 interconnecting the inwardly arching rib

321 and the mesh structure to a node 324 in the widthwise
direction satisfies the relation: 1/4h<h1<3/4h, and a dis-
tance h2 from a middle point 325 of the inwardly arching
rib 321 to the node 324 satisfies the relation:
3/4h<h2<7/4h. Further, the length and width of the cell
satisfies the relation: 1<L/h<2.
[0039] As shown in FIG. 13, the distal portion 330 of
the thrombus removal means 300 is closed, and as noted
above, the distal portion 330 terminates at the elongate
tip 340 which is in connection with the distal portion 330
at an interconnection 341. In this embodiment, a coil 342
is disposed over a strut 339 of the elongate tip 340 and
is formed of a platinum, platinum-iridium, silver, etc. wire
with a diameter of 0.025-0.070 mm and may have a wind-
ing length of 2-10mm. The interconnection 341 may be
connected to the coil 342 by soldering, riveting or press
fitting, and the metal wire of the coil 342 may be so fused
with the strut 339 by laser welding to form a semi-spher-
ical cap 343.
[0040] The distal portion 330 of the thrombus removal
means 300 may be either fully closed as shown in FIG.
13 or partially closed as shown in FIG. 14. FIGs. 15-18
show examples of the distal portion 330 of the thrombus
removal means 300 in an unfolded configuration.
[0041] The thrombus removal device 1 according to
the present invention may be used in the following man-
ner. In an interventional treatment, an angiographic as-
sessment is first performed to identify an intracranial
blood vessel having an occlusive thrombus. The throm-
bus removal device 1 is then introduced in the vessel via
the femoral artery or brachial artery, with the guide wire
inserted through the thrombus. The inner tube 4 is then
advanced over the guide wire through the thrombus to a
desired position with the aid of a radiopaque marker (not
shown) on the inner tube 4, with the thrombus removal
means 300 being received in the inner tube 4, i.e., in the
contracted configuration. Afterward, the guide wire is re-
trieved, and the thrombus removal means 300 is pushed
by the pusher shaft toward a distal end of the inner tube
4. The inner tube 4 is then retracted into the thrombus to
deploy the thrombus removal means 300 therein to a
desired position by the virtue of a radiopaque marker on
the thrombus removal means 300. Because of the shape
memory effect of its material, the thrombus removal
means 300 switches under the action of the blood tem-
perature to the expanded configuration and pushes
against the vessel wall. About 15-20 seconds later, the
occlusion balloon of the outer sheath 2 is caused to oc-
clude the vessel at the proximal end, and the thrombus
removal means 300 is retracted by the pusher shaft 3 in
a state of engaging the thrombus until it is received within
the inner tube 4 which is then, in turn, retracted into the
outer sheath 2. As a last step of the removal process,
the thrombus removal device 1 is wholly retrieved from
the human body.
[0042] As described above, on the one hand, the
thrombus removal device according to the present inven-
tion employs a pusher shaft having an optimized struc-
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ture which imparts, to a leading portion of the pusher
shaft, an increased flexibility, torque resistance, force
transfer ability and ability to pass through tortuous por-
tions of a lesion, thereby facilitating the penetration of
the thrombus removal means according to the present
invention through a thrombus, as well as its deployment
and retraction. On the other hand, the thrombus removal
means has an improved structure and employs three-
dimensionally contoured, thermally molded inwardly
arching ribs extending in a lumen defined by the thrombus
removal means, which can facilitate capture of a throm-
bus, i.e., increasing the likelihood of capturing the throm-
bus in a single pass, thus reducing the suffering of the
patient during the operative produce, and holding the
captured thrombus firmly to prevent it from dislodging
during the retrieval and travelling in the blood flow to a
distal small vessel to cause secondary embolization
there. This can reduce the likelihood of complications
associated with the thrombus removal.
[0043] While the foregoing embodiments are de-
scribed in the context of removal of a thrombus from an
intracranial vessel, those skilled in the art will realize that
the description is merely exemplary. For example, it is to
be understood that the means and device of the present
invention may also be used in thrombus removal for other
vessels with suitable sizes. In addition, the features de-
scribed in the embodiments disclosed herein may be ei-
ther used in the manner just as described above, or used
individually or in any combination. Conclusively, those
skilled in the art can make various changes and modifi-
cations to the present invention without departing from
the spirit and scope thereof.

Claims

1. A thrombus removal means, which is a mesh struc-
ture defining a lumen and is switchable between a
contracted configuration and an expanded configu-
ration, wherein the thrombus removal means has a
plurality of inwardly arching ribs extending from the
mesh structure into the lumen, each of the plurality
of inwardly arching ribs having a three-dimensional
contour and both ends thereof fixed to the mesh
structure.

2. The thrombus removal means according to claim 1,
wherein the plurality of inwardly arching ribs are ori-
ented in an axial or circumferential direction of the
mesh structure.

3. The thrombus removal means according to claim 1,
wherein when a number of the plurality of inwardly
arching ribs is a predetermined number, the plurality
of inwardly arching ribs are preferably oriented in the
axial direction.

4. The thrombus removal means according to any of

claims 1 to 3, wherein each of the plurality of inwardly
arching ribs forms an angle (θ) of 30º to 90º with a
tangent of an outer circumference of the mesh struc-
ture at a position where the inwardly arching rib is
fixed to the mesh structure.

5. The thrombus removal means according to claim 4,
wherein the angles formed by the plurality of inwardly
arching ribs are identical.

6. The thrombus removal means according to claim 4,
wherein the angles formed by the plurality of inwardly
arching ribs are not identical.

7. The thrombus removal means according to claim 6,
wherein the angles formed by the plurality of inwardly
arching ribs gradually increase, decrease or period-
ically vary along a direction from a proximal end of
the thrombus removal means toward a distal end
thereof.

8. The thrombus removal means according to any of
claims 1 to 3, wherein the thrombus removal means
assumes a generally cylindrical shape when in the
expanded configuration.

9. The thrombus removal means according to any of
claims 1 to 3, wherein the thrombus removal means
comprises an oval opening at a proximal end when
in the expanded configuration.

10. The thrombus removal means according to any of
claims 1 to 3, wherein the plurality of inwardly arching
ribs have one of the following distribution patterns:
spiraling toward a same direction, spiraling toward
opposite directions, spiraling toward intersecting di-
rections, being distributed in a symmetrical manner,
and being distributed in an alternating manner.

11. The thrombus removal means according to any of
claims 1 to 3, wherein the mesh structure has cells
with a length-to-width ratio greater than 1 and smaller
than 2.

12. The thrombus removal means according to any of
claims 1 to 3, wherein a distance h1 from a location
where one of the plurality of inwardly arching ribs is
fixed to the mesh structure to a position where a cor-
responding cell of the mesh structure is interconnect-
ed with an adjacent cell thereof in a widthwise direc-
tion of the corresponding cell satisfies:
1/4h<h1<3/4h, and/or a distance h2 from a middle
point of the one of the plurality of inwardly arching
ribs to the position where the corresponding cell is
interconnected with the adjacent cell satisfies:
3/4h<h2<7/4h, wherein h is half of a width of the cor-
responding cell.
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13. The thrombus removal means according to any of
claims 1 to 3, wherein the thrombus removal means
is fully or partially closed at a distal end.

14. The thrombus removal means according to claim 13,
wherein, at the distal end, the thrombus removal
means terminates at an elongate tip which is wound
with a coil.

15. A thrombus removal device, comprising a guide wire,
a pusher shaft, an outer sheath and an inner tube
movable relative to the outer sheath, the guide wire
being inserted through the inner tube which is in turn
received in the outer sheath and is movable over the
guide wire, wherein the thrombus removal device
further comprises a thrombus removal means as de-
fined in any of claims 1 to 14, the thrombus removal
means being attached to the pusher shaft and being
crimped into the inner tube together with the pusher
shaft, the thrombus removal means being switchable
between a contracted configuration and an expand-
ed configuration upon being retracted or advanced
by the pusher shaft such that the thrombus removal
means is in the contracted configuration when re-
ceived in the inner tube and transitions to the ex-
panded configuration after being pushed out of the
inner tube.

16. The thrombus removal device according to claim 15,
wherein the outer sheath comprises an occlusion
balloon disposed at a distal end of the outer sheath.

17. The thrombus removal device according to claim 15,
wherein the thrombus removal means is attached to
the pusher shaft by means of a tethering connector
which is positioned closely adjacent to a vessel wall
when the thrombus removal means is in the expand-
ed configuration.

18. The thrombus removal device according to any of
claims 15 to 17, wherein the pusher shaft has a ra-
dius decreasing stepwise from a proximal end of the
pusher shaft toward a distal end thereof.

19. The thrombus removal device according to claim 18,
wherein the pusher shaft has a distal portion wound
with a coil.

20. The thrombus removal device according to claim 18,
wherein at least a portion of the coil has a heat shrink
tube disposed thereover.

21. Use of a thrombus removal device as defined in any
of claims 15 to 20, for removing a thrombus from an
intracranial vessel
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