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DESCRIPTION

Thrombus-Aspiration Catheter

TECHNICAL FIELD

The present invention relates to a thrombus-aspiration catheter, and more
particularly, it relates to a thrombus-aspiration catheter easily insertable into a curved
blood vessel and provided with a high thrombus aspiration property.

BACKGROUND ART

In general, medical practices of injecting a chemical liquid or nutrition into a
blood vessel, collecting and testing blood, and dialyzing blood by circulating the blood
out of the body are widely carried out through a catheter inserted into/indwelling in the
blood vessel.

While a thrombus-aspiration catheter for aspirating a thrombus formed in a
cardiac coronary artery is known thereamong, this is a catheter directly aspirating the
thrombus growing in the coronary artery in order to prevent such an acute myocardial
infarction that the thrombus formed in the coronary blood vessel stops the bloodstream
and reduces the cardiac functions.

This thrombus-aspiration cure is a therapy of aspirating and eliminating the
thrombus itself by inserting a thin tube of about 1.3 to 2.0 mm in diameter referred to as
a thrombus-aspiration catheter from a leg or an arm and making the same reach the
lesioned portion in the coronary artery. In the thrombus-aspiration cure, the thrombus,
which is the cause constricting the blood vessel, itself is eliminated, whereby risks such
as occlusion of the coronary artery with a thrombus not completely dissolvable with a
medicine and scattering of the thrombus to coronary artery deletion resulting from
dilation with a balloon catheter having been present in a conventional cure can be

avoided.

The thrombus-aspiration catheter requires a certain degree of strength so that the
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wall surface of the catheter is not crushed by negative pressure, and an area (opening
area) in an opening section is preferably maximized in order to easily discharge the
thrombus from the body.

Thrombus-aspiration catheters include that prepared by inserting a core wire into
a tube in order to transmit force for thrusting the catheter necessary for easily inserting
the same into a curved blood vessel and to prevent kinks and that prepared by
embedding a reinforcing body formed by a metal mesh into a tube. A guide wire is
previously inserted into the blood vessel and the thrombus-aspiration catheter is inserted
along this guide wire, and hence the front end portion of the thrombus-aspiration
catheter 1s constituted of an aspiration lumen for aspiration and a guide wire lumen for
inserting the guide wire.

The front end portion of the catheter is preferably flexible, to be easily inserted
into the curved blood vessel.

As a precedent, a thrombus-aspiration catheter improved in aspiration property
and cross property by forming a front end opening as an inclined cut surface has already
been applied by the applicant (refer to Patent Document 1, for example).

Patent Document 1: Japanese Patent Laying-Open No. 2004-222946
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

In relation to an aspiration catheter employing a triple lumen tube constituting an
aspiration lumen, a guide wire lumen and a core wire lumen as the front end portion of
the catheter, however, it has been gradually clarified that flexibility thereof is insufficient
when an opening of the front end is merely formed as an inclined cut surface, and a
thrombus-aspiration catheter richer in flexibility of the front end portion is awaited.

Further, when an annular contrast marker made of a metal is mounted on the
outer side of the tube of the front end portion in order to confirm the position of the
front end portion of the thrombus-aspiration catheter in the blood vessel, there arises

such a problem that the flexibility of the front end portion is deteriorated.
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An object of the present invention is to provide a thrombus-aspiration catheter
exhibiting high flexibility of a front end portion and thrombus aspiration force also when
a front end-side tube is a triple lumen tube and a contrast marker is provided on the
front end portion, in order to solve the aforementioned problems.

MEANS FOR SOLVING THE PROBLEMS

In order to attain the aforementioned objects, the present invention is
characterized in that, in a thrombus-aspiration catheter comprising a basal end-side tube
and a front end-side tube connected to- the front end side of the basal end-side tube, a
terminal aspiration tube is further connected to the front end of the said front end-side
tube and the said terminal aspiration tube is more flexible than the said front end-side
tube, while the front end side of the said front end-side tube and the basal end side of the
said terminal aspiration tube are so connected with each other that the hardness changes
stepwise.

According to the present invention having the aforementioned structure, the
flexible terminal aspiration tube is connected to the front end of the front end-side tube,
whereby the thrombus-aspiration catheter can be improved in flexibility around a front
end opening aspirating a thrombus. Further, the aforementioned front end-side tube
and the said terminal aspiration tube are so connected with each other that the hardness
changes stepwise, whereby a kink resulting from an abrupt hardness change in the
connected portion can be prevented.

The present invention is characterized in that the said basal end-side tube is a
double lumen tube having an aspiration lumen and a core wire lumen, and the said front
end-side tube is a triple lumen tube having a guide wire lumen in addition to an
aspiration lumen and a core wire lumen.

According to the present invention having the aforementioned structure, the
front end-side tube having the terminal aspiration tube on the front end can be sent to a
desired blood vessel position through a guide wire.

The present invention is characterized in that the said terminal aspiration tube is
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a double lumen tube having an aspiration lumen and a guide wire lumen.

According to the present invention having the aforementioned structure, the
terminal aspiration tube can more exhibit flexibility than the front end-side tube of the
triple lumen structure, due to the double lumen structure.

The present invention is characterized in that the length of the said terminal
aspiration tube 1s 5 mm to 20 mm. Thus, only a portion around a terminal is flexible.

The present invention is characterized in that the guide wire lumens of the said
front end-side tube and the said terminal aspiration tube communicate with each other
on the same axis. Thus, the guide wire lumens are straightly linked with each other
also on the connected portion.

The present invention is characterized in that both of the materials for the said
front end-side tube and the said terminal aspiration tube are prepared from polyamide
elastomer, and these are connected with each other by thermal welding.

According to the present invention having the aforementioned structure, the
tubes are made of homogeneous resin materials,. whereby the same can be reliably
thermally welded.

The present invention is characterized in that a front end tip having a guide wire
lumen is formed on the front end of the said terminal aspiration tube.

According to the present invention having the aforementioned structure, the
small-diametral front end tip having flexibility is so formed on the front end portion of
the tube that the catheter can be further easily inserted into a curved blood vessel and a
lesioned portion in the blood vessel.

The present invention is characterized in that an aspiration opening is formed by
obliquely cutting the front end side of the said terminal aspiration tube.

According to the present invention having the aforementioned structure, the
front end side 1s so obliquely cut that the area of the aspiration opening can be rendered
larger than tﬁe sectional area of the aspiration lumen while the terminal aspiration tube

can be rendered gradually flexible toward the front end.
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The present invention is characterized in that a solid contrast marker member is
embedded in the tube in the vicinity of the connected portion between the said front end
side and the terminal aspiration tube.

According to the present invention having the aforementioned structure, the
solid contrast marker member is merely inserted into a shaft around the connected
portion between the aforementioned front end-side tube and the said terminal aspiration
tube, whereby a contrast marker member having a short size and a small diameter can be
employed and the flexibility of the front end portion is not deteriorated.

The present invention is characterized in that the catheter has lubricative cover
layers on the outer surfaces of the said front end tube and the said terminal aspiration
tube, whereby frictional resistance in the blood vessel is reduced, and the catheter can
more easily reach the lesioned portion.

EFFECTS OF THE INVENTION

According to the present invention, the more flexible terminal aspiration tube is
connected to the front end of the said front end-side tube in the thrombus-aspiration
catheter comprising the basal end-side tube and the front end-side tube, whereby the
thrombus-aspiration catheter can be improved in flexibility around the front end opening
aspirating a thrombus. Further, the front end-side tube of the triple lumen structure is
connected to the flexible aspiration tube of the double lumen structure having the
aspiration opening to have a stepwise hardness difference and the solid contrast marker
member is embedded in the vicinity of the connected portion, whereby a thrombus-
aspiration catheter exhibiting high flexibility and thrombus aspiration force can be
obtained also when the front end-side tube is a triple lumen tube and the contrast marker
is provided on the front end portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[Fig. 1] Shows an exemplary thrombus-aspiration catheter according to the

present invention, (a) is a schematic plan view, and (b) shows sectional views in

respective portions.
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[Fig. 2] A line graph showing results obtained by measuring resistance values in
passage through a bent portion performed for evaluating flexibility of front end portions.
[Fig. 3] An enlarged perspective view showing exemplary arrangement of a front
end tip according to the present invention.
[Fig. 4] Shows an exemplary conventional thrombus-aspiration catheter, (a) is
a schematic plan view, and (b) shows sectional views in respective portions.
DESCRIPTION OF THE REFERENCE SIGNS
1 thrombus-aspiration catheter
basal end-side tube
front end-side tube
terminal aspiration tube
contrast marker member

front end tip

SN I, I N R N

guide wire

11 aspiration lumen

12 core wire lumen

13 guide wire lumen

31 cut surface

41 aspiration opening
BEST MODES FOR CARRYING OUT THE INVENTION

An embodiment of a thrombus-aspiration catheter according to the present
invention is now described in detail with reference to the drawings.

Fig. 1 shows an exemplary thrombus-aspiration catheter according to the present
invention, (a) is a schematic plan view, and (b) shows sectional views in respective
portions. Fig. 2 is a line graph showing results obtained by measuring resistance values
in passage through a bent portion performed for evaluating flexibility of front end
portions.  Fig. 3 is an enlarged perspective view showing exemplary arrangement of a

front end tip according to the present invention. Fig. 4 shows an exemplary
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conventional thrombus-aspiration catheter, (é) is a schematic plan view, and (b) shows
sectional views in respective portions.

As shown in Fig. 1(a), a thrombus-aspiration catheter 1 according to the present
invention comprises a basal end-side tube 2, a front end-side tube 3 and a terminal
aspiration tube 4 connected to front end-side tube 3. Terminal aspiration tube 4 is
rendered more flexible than said front end-side tube 3, to be easily insertable into a
curved blood vessel. ‘

The materials for aforementioned basal end-side tube 2, front end-side tube 3
and terminal aspiration tube 4 can be prepared from thermoplastic resin such as
polyethylene, polyamide elastomer, polyester elastomer or polyurethane, for example.
In particular, polyamide elastomer (Pebax by Arkema Inc. or the like) allowing selection
of various hardness levels in the same material is desirably employed, and Shore
hardness levels of the basal end-side tube, the front end-side tube and the terminal
aspiration tube are desirably 63D to 72D, 55D to 63D and 40D to 55D respectively.

An aspiration opening 41 aspirating a thrombus or the like is provided in
terminal aspiration tube 4.  Further, a front end tip 6 is provided on the front end of
said terminal aspiration tube 4. In order to render front end tip 6 easily insertable into
a desired blood vessel, terminal aspiration tube 4 preferably has a guide wire lumen 13
(see Fig. 3) allowing insertion of a guide wire.

As shown in Fig. 3, terminal aspiration tube 4 connected to front end-side tube 3
1s provided with aspiration opening 41 obliquely formed in a large size, becomes
gradually flexible toward the front end, and has high thrombus-aspiration performance
due to the size of the opening. Further, front end tip 6 formed on the front end has a
small diameter, to serve as a pilotage member when the catheter is inserted into the
blood vessel. Therefore, thrombus-aspiration catheter 1 comprising front end tip 6 can
be preferably easily insertable also into a thin bent blood vessel or a stenosed lesion.

A conventional thrombus-aspiration catheter 1A shown in Fig. 4(a) comprises a

basal end-side tube 2 and a front end-side tube 3, and an aspiration opening 32
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aspirating a thrombus or the like is formed in front end-side tube 3.

Basal end-side tube 2 is a double lumen tube having an aspiration lumen 11 and a
core wire lumen 12, as shown in a C-C section of Fig. 1(b) and an E-E section of Fig.
4(b). Front end-side tube 3 is formed as a triple lumen tube having a guide wire lumen
13 in addition to an aspiration lumen 11 and a core wire lumen 12, as shown in a B-B
section of Fig. 1(b) and a D-D section of Fig. 4(b).

A guide wire 7 can be inserted into guide wire lumen 13 from a guide wire port
71 of front end-side tube 3.

In conventional thrombus-aspiration catheter 1A, an annular contrast marker SA
is mounted on the front end portion. Thus, conventional thrombus-aspiration catheter
1A has such a structure that the front end portion provided with aspiration opening 32
aspirating a thrombus or the like has a triple lumen structure and is mounted with
annular contrast marker SA. In a triple lumen tube, it follows that three chambers are
formed in a section thereof, and flexibility is insufficient even if the tube is made of resin
which is a flexible material, due to wall portions forming these three chambers. Further,
annular contrast marker SA made of a metal is mounted on the outer side of the tube,
and hence flexibility has further been deteriorated.

Thrombus-aspiration catheter 1 according to the présent invention has such a
structure that the front end of said front end-side tube 3 is obliquely cut to form a cut
surface 31 while the basal end side of said terminal aspiration tube 4 is substantially
identically cut so that both cut surfaces are connected with each other. Further,
terminal aspiration tube 4 is provided with aspiration opening 41 obliquely excised in a
large size.

Preferably, terminal aspiration tube 4 is formed as a double lumen tube having an
aspiration lumen 11 and a guide wire lumen 13 as shown in an A-A section of Fig. 1(b),
and the length of the said terminal aspiration tube including the front end tip formed on
the front end is 5 mm to 20 mm.

Further, a solid contrast marker member 5 is inserted into the core wire lumen
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on the obliquely cut front end of said front end-side tube 3, as shown in Fig. 1(a).

Said contrast marker member 5 is a short-sized solid round bar of a metal not
transmitting X-rays. The material for contrast marker member 5 in the form of a solid
round bar can be prepared from platinum, gold, iridium, tungsten, bismuth or an alloy
thereof, for example. In particular, the contrast marker member is preferably made of
gold, platinum or iridium, in view of a contrast effect by X-ray irradiation.

As hereinabove described, thrombus-aspiration catheter 1 has the structure
obtained by embedding the contrast marker member in the form of a solid round bar
having a short size and a small diameter in the front end portion of the catheter, whereby
flexibility is more improved as compared with the conventional structure obtained by
mounting the ring-shaped contrast marker on the outer peripheral portion of the catheter.
Further, the contrast marker member 1s charged into the core wire lumen having a small
diameter, whereby local hardness can be suppressed low. In addition, the terminal end
portion of the core wire lumen is blocked, whereby there is no possibility that the
contrast marker member drops.

Further, solid contrast marker member 5 is inserted into the core wire lumen on
the obliquely cut front end of said front end-side tube 3, whereby the flexibility of the
obliquely cut front end portion can be improved also in front end-side tube 3 of the triple
lumen type relatively inferior in flexibility.

Therefore, passableness into a bent blood vessel is improved without damaging
the flexibility of the front end portion of the catheter inserted into an organism, and the
catheter easily reaches a lesioned portion.  Further, lubricative cover layers are so
provided on the outer surfaces of the said front end-side tube and the said terminal
aspiration tube that frictional resistance in the blood vessel is reduced and the catheter
more easily reaches the lesioned portion.

Results of measurement of resistance values in passage through a bent portion
performed for verifying effects of a sample according to the present invention are now

described with reference to Fig. 2.
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In this experiment, a model prepared by bending a pseudo-blood vessel of resin
in a U-shaped manner was employed for measuring and comparing resistance values
when actually inserting thrombus-aspiration catheters (thrombus-aspiration catheter 1
according to the present invention and conventional thrombus-aspiration catheter 1A
were employed) thereinto. The degree of bending was so set that the bending radius R
= 8 mm.

More specifically, a guide wire was previously inserted into the aforementioned
pseudo-blood vessel model dipped in warm water of 37°C, and resistance values in
pa.ssage through the bent portion were continuously measured when thrusting a
conventional sample and the inventive sample along the guide wire at a constant speed
with a load measuring apparatus (Digital Force Gauge DPZ-20N by Imada Seisakusho
Co., Ltd.).

Solid line data 8A and broken line data 8B shown in the figure are measurement
data of the inventive sample and measurement data of the conventional sample
respectively.

While the resistance value of the conventional sample was 4 gf (gram-force) in
the initial stage of insertion (upon a lapse of two seconds after the start of the insertion),
the resistance value was reduced to about 3 gf in the inventive sample. In the
conventional sample, the resistance value was gradually increased from 6 gf to 8 gf; to
reach 11gfin the final stage (upon a lapse of four seconds after the start of the insertion).
However, it has been clarified that the inventive sample maintained 4 gf over a relatively
long period and was gradually thrust at a constant resistance value. Further, the
resistance value was increased merely to about 7 gf in the rearmost portion, and it was
possible to obtain a result insertable into the bent portion with a low resistance value.

Passableness through a bent portion is improved as the resistance value in
passage through the bent portion is reduced, and hence it i1s obvious that thrombus-
aspiration catheter 1 according to the present invention is superior in flexibility to the

conventional sample and improved in passableness through a blood vessel bent portion.
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According to the present invention, as hereinabove described, the front end of
the front end-side tube having the triple lumen structure and a hand side of the terminal
aspiration tube having the double lumen structure are obliquely connected with each
other while the flexible terminal aspiration tube of the double lumen structure having the
front end opening inclined in the same direction as these connected surfaces is connected,
whereby a thrombus-aspiration catheter exhibiting flexibility and aspiration force can be
obtained.

Further, the solid contrast marker member is inserted into the core wire lumen
on the obliquely cut front end of the front end-side tube, whereby a thrombus-aspiration
catheter exhibiting higher flexibility and thrombus-aspiration force can be obtained also
when the front end-side tube is a triple lumen tube and the contrast marker is provided
on the front end portion.

In addition, the lubricative covering layers are provided on the outer surfaces of
the said front end-side tube and the said terminal aspiration tube, whereby a thrombus-
aspiration catheter reduced in frictional resistance in a blood vessel to easily reach a

lesioned portion can be obtained.

-11-



10

15

20

25

30

MCSLLP

CLAIMS

1. A thrombus-aspiration catheter comprising a basal end-side tube and a
triple lumen front end-side tube connected to the front end side of said basal end-side
tube, wherein

a double lumen terminal aspiration tube is further connected to the front end of
said front end-side tube and said terminal aspiration tube is more flexible than said front
end-side tube, while in order that the front end side of said front end-side tube and the
basal end side of said terminal aspiration tube change in hardness stepwise, the front end
of said front end-side tube is cut to form a cut surface while the basal end side of said terminal

aspiration tube is substantially identically cut so that both cut surfaces are connected with

each other.

2. The thrombus-aspiration catheter according to claim 1, wherein

said basal end-side tube is a double lumen tube having an aspiration lumen and a
core wire lumen, and said front end-side tube is a triple lumen tube having a guide wire
lumen in addition to an aspiration lumen and a core wire lumen, and

said terminal aspiration tube is a double lumen tube having an aspiration lumen

and a guide wire lumen.

3. The thrombus-aspiration catheter according to claim 1 or 2, wherein

said terminal aspiration tube has a length of 5 mm to 20 mm.

4. The thrombus-aspiration catheter according to any of claims 1 to 3,

wherein

the guide wire lumens of said front end-side tube and said terminal aspiration

tube communicate with each other on the same axis.

5. The thrombus-aspiration catheter according to any of claims 1 to 4,

wherein
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both of the materials for said front end-side tube and said terminal aspiration
tube are prepared from polyamide elastomer, and these are connected with each other by

thermal welding.

6. The thrombus-aspiration catheter according to any of claims 1 to 5,
wherein
a front end tip having a guide wire lumen is formed on the front end of said

terminal aspiration tube.

7. The thrombus-aspiration catheter according to any of claims 1 to 6,
wherein
an aspiration opening is formed by obliquely cutting the front end side of said

terminal aspiration tube.

8. The thrombus-aspiration catheter according to any of claims 1 to 7,
wherein
a solid contrast marker member is embedded in the tube in the vicinity of the

connected portion between said front end-side tube and the terminal aspiration tube.

9. The thrombus-aspiration catheter according to any of claims 1 to 8,

wherein

the outer surfaces of said front end tube and the terminal aspiration tube have

lubricative cover layers.
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