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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a balloon ablation catheter and a balloon ablation
catheter system.

BACKGROUND ART

[0002] A balloon ablation catheter is a medical device for carrying out ablation by heating a
balloon arranged at the catheter tip.

[0003] For example, Patent Document 1 describes a balloon ablation catheter for electric
pulmonary vein isolation in treatment of heart arrhythmia. This balloon ablation catheter is
equipped with means for heating the balloon by allowing high-frequency current to flow
between a counter electrode plate attached to the body surface of the patient and an electrode
in the balloon. The heated balloon is brought into contact with an affected tissue to carry out
treatment of the affected area.

[0004] Separately from a balloon ablation catheter, Patent Document 2 describes a catheter
shaft in which a metal wire is installed. This catheter shaft has a metal-wire-based
reinforcement layer installed on a tube, and the layer improves insertability and torque
transmission performance of the body of the tube.

PRIOR ART DOCUMENTS

[Patent Documents]

[0005]
[Patent Document 1] JP 2002-78809 A

[Patent Document 2] JP 2000-225195 A Additionally, documents JP 2005 058509, EP 1 547
537, US 6 053 913, and US 2017/292687 disclose relevant prior art.

SUMMARY OF THE INVENTION
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PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, in the balloon ablation catheter described in Patent Document 1, heating of
the balloon ablation catheter causes softening of the catheter shaft affected by the heat, which
leads to elongation of the catheter shaft in the longitudinal direction under tensile strength to
an extent where the operation by the operator is adversely affected during use of the balloon
ablation catheter, which is problematic.

[0007] A possible idea for suppression of the elongation of the catheter shaft in the longitudinal
direction due to heating may be installation of a metal wire such as the one descried in Patent
Document 2 in the catheter shaft. However, when high-frequency current is applied under
conditions where the metal wire is installed, high-frequency current is generated in the metal
wire in the catheter shaft, and this causes abnormal heating of the metal wire itself, making the
operator or tissues other than the affected area in the patient get burned, which is problematic.

[0008] In view of this, the present invention aims to provide a balloon ablation catheter
wherein, even in cases where the catheter shaft is heated by high frequency, elongation of the
catheter shaft can be suppressed to an extent where the elongation does not adversely affect
use of the balloon ablation catheter, and the risk of a burn of the operator or the patient
caused by heating of the reinforcement wire in the catheter shaft can be largely reduced.

MEANS FOR SOLVING THE PROBLEMS

[0009] The above identified problems are solved by the invention disclosed in appended claim
1. Claims 2-6 disclose exemplary embodiments.

[0010] As a result of intensively study to solve the above problems, the present inventors
discovered the inventions described below.

(1) A balloon ablation catheter comprising:

a catheter shaft comprising an outer layer tube and containing a reinforcement wire in a thick
section corresponding to the thickness from a surface of an inner cavity of the catheter shaft to
the surface of the outer layer of the catheter shaft, wherein the reinforcement wire is
sandwiched therebetween;

a balloon provided at an end of the catheter shaft; and

a high-frequency electric current electrode arranged in the balloon; the material of the balloon
is an elastic material selected from polyurethane or rubber;

the material of the catheter shaft is selected from the group consisting of polyamide resins,
polyamide elastomers, polyolefins, polyesters, polyurethane and polyvinyl chloride;
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the balloon ablation catheter satisfying L>t, wherein L represents the shortest distance from
the outermost surface in the outer layer side of said reinforcement wire to the outer surface of
the outer layer tube of said catheter shaft, and t represents the wall thickness of the thinnest
portion of said balloon; and

said reinforcement wire is a metal wire.

(2) The balloon ablation catheter according to (1), wherein the wall thickness of the balloon is
20 t0 150 pm.

(4) The balloon ablation catheter according to any one of (1) to (3), wherein the reinforcement
wire is installed to form a braid.

(5) The balloon ablation catheter according to any one of (1) to (3), wherein the reinforcement
wire is linearly installed in the longitudinal direction of the catheter shaft.

(6) The balloon ablation catheter according to any one of (1) to (5), wherein the reinforcement
wire is installed such that the reinforcement wire is not exposed from the distal end tip of the
catheter shaft.

(7) A balloon ablation catheter system comprising:
the balloon ablation catheter according to any one of (1) to (6);

a counter electrode for transmitting high frequency to the high-frequency electric current
electrode in the balloon; and

a high-frequency power source for supplying high-frequency power to the counter electrode.

EFFECT OF THE INVENTION

[0011] In the balloon ablation catheter of the present invention, the catheter shaft is not
elongated even under the influence of heat due to use of high frequency in combination, and
flowing of high frequency through the reinforcement wire can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a longitudinal cross-sectional view of the tip section of a balloon ablation catheter
according to the first mode of the present invention.

Fig. 2 is a plan view showing the thick section of the catheter shaft of the balloon ablation
catheter according to the first mode of the present invention.
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Fig. 3 is a plan view showing the balloon of a balloon ablation catheter according to the second
mode of the present invention.

Fig. 4 is a longitudinal cross-sectional view of the tip section of a balloon ablation catheter
according to the second mode of the present invention.

Fig. 5 is a cross-sectional view of the multi-lumen shaft shown in Fig. 4 taken on the B-B'
plane, which is in the direction vertical to the longitudinal direction of the shaft.

Fig. 6 is a schematic view of a shaft heat generation test system.

MODE FOR CARRYING OUT THE INVENTION

[0013] The balloon ablation catheter of the present invention for ablation of an affected tissue
using high frequency is characterized in that it has a catheter shaft containing a reinforcement
wire in a thick section, a balloon provided at an end of the catheter shaft, and a high-frequency
electric current electrode arranged in the balloon, which balloon ablation catheter satisfies L>t,
wherein L represents the shortest distance from the surface of the reinforcement wire to the
surface of the catheter shaft, and t represents the wall thickness of the thinnest portion of the
balloon.

[0014] The "thick section" herein means the area surrounded by the outer surface of the
catheter shaft excluding the area of the lumen portion, and corresponds to the thickness of the
catheter shaft.

[0015] The "reinforcement wire" means a wire installed in the catheter shaft for reinforcement
of the rigidity of the catheter shaft.

[0016] Preferred modes of the present invention are described below in detail with reference to
drawings, but the present invention is not limited to these embodiments. Each identical factor is
represented using an identical symbol, and redundant explanations are omitted. The ratios
used in the drawings are not necessarily the same as those in the description.

[0017] Fig. 1 is a longitudinal cross-sectional view of the tip section of a balloon ablation
catheter according to the first mode of the present invention.

[0018] In Fig. 1, the balloon ablation catheter 1 has a double tube shaft 9 having an outer
cylinder shaft 3 and an inner cylinder shaft 6; and a balloon 2. The balloon 2 has a spherical
shape, and the outer cylinder shaft 6, which is a flexible tube, is connected to the balloon 2
such that the tip of the outer cylinder shaft 6 is connected to the opening in the base-end side
of the balloon 2. The inner cylinder shaft 6, which is a flexible tube, passes through the inside
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of the balloon 2, and is connected to the opening in the tip side of the balloon 2. By this, the
balloon 2 is tightly sealed. An electrode 5 is placed on the inner cylinder shaft 6 in the balloon
2, and the electrode 5 is connected to a high-frequency power source not shown in the figure
through an electric wire 7. In addition, an electric wire 8 for a temperature sensor is connected
to the electrode 5, and the electrode 5 also plays a role as a temperature sensor. The
electrode 5 is arranged near the longitudinal center of the balloon so that the temperature in
the balloon 2 can be measured.

[0019] Fig. 2 is a schematic diagram showing a longitudinal cross-sectional view of the outer
cylinder shaft contained in the balloon ablation catheter according to the first mode of the
present invention. The thick section of the outer cylinder shaft 3 in Fig. 1 is constituted by a
portion having a thickness with a three-layer structure from the surface of the lumen of an
inner layer tube 9 to the surface of the outer layer of an outer layer tube 10, wherein a
reinforcement wire 4 is sandwiched therebetween. In this case, the distance L represents the
distance from the outermost surface in the outer layer side of the reinforcement wire 4 to the
surface of the outer layer tube 10.

[0020] Fig. 3 is a schematic diagram showing a longitudinal cross-sectional view of the balloon
contained in the balloon ablation catheter according to the first mode of the present invention.
In Fig. 3, the wall thickness of the thinnest portion in the balloon 2 is defined as the wall
thickness t. In this mode, the wall thickness on the A-A' plane, where the diameter of the
balloon in the direction vertical to the longitudinal direction is largest, is the wall thickness t.

[0021] In this mode, the reinforcement wire 4 is arranged such that L is larger than the wall
thickness t. By this, when high frequency is transmitted from a counter electrode not shown in
the figure to the balloon, the high frequency is more likely to flow to the electrode 5 in the
balloon 2 than to the reinforcement wire 4, so that heating of the reinforcement wire 4 can be
prevented.

[0022] The material of the balloon 2 may be any material as long as the material is one which
is used for medical catheters. From the viewpoint of achievement of increased adhesion to the
affected tissue, the material is preferably an elastic material such as a polyurethane or a
rubber, for example, a synthetic rubber or a natural rubber. The wall thickness of the balloon 2
is preferably 20 to 150 ym, more preferably 20 to 100 ym, from the viewpoint of achievement
of better adhesion to the affected tissue.

[0023] The outer diameter of the balloon 2 varies depending on the affected area to which the
operational technique is applied. For example, in cases of treatment of arrhythmia, the outer
diameter is preferably 20 to 40 mm. The balloon 2 preferably has a spherical shape, but may
also have a tapered conical shape. The shape of the balloon 2 is not limited to these.

[0024] The material of the outer cylinder shaft 3 and the inner cylinder shaft 6 may be any
material as long as the material is one which is used for medical catheters. Examples of the
material include polymer materials having flexibility, such as polyamide resins and polyamide
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elastomers including nylon 11 and nylon 12; polyolefins including polypropylene/polyethylene;
polyesters including polyethylene terephthalate; polyurethane; and polyvinyl chloride. One of
these, or a combination of two or more of these may be used.

[0025] In order to increase the imaging ability in X-ray, an imaging substance such as barium
sulfate or bismuth subcarbonate may be included in the material of the outer cylinder shaft 3
and the inner cylinder shaft 6.

[0026] In this mode, the catheter shaft has a double-tube structure composed of an outer
cylinder shaft and an inner cylinder shaft. However, the catheter shaft may also be in a multi-
lumen shape.

[0027] Fig. 4 is a longitudinal cross-sectional view of a balloon ablation catheter according to
the second mode of the present invention. In the second mode, a multi-lumen shaft 11 is used
instead of the shaft having a double-tube structure. In the second mode, the reinforcement
wire 4 is linearly installed along the longitudinal direction of the multi-lumen shaft 11 in the thick
section of the multi-lumen shaft 12.

[0028] Fig. 5 is a cross-sectional view of the multi-lumen shaft 12 shown in Fig. 4 taken on the
B-B' plane, which is in the direction vertical to the longitudinal direction of the shaft. In cases
where the multi-lumen shaft 12 is used, the thick section corresponds to the thickness from an
inner cavity, lumen, to the surface of the outer layer of the shaft, wherein the reinforcement
wire 4 is sandwiched therebetween. The distance L can be interpreted in two ways-that is, L1,

the shortest distance from the surface of the reinforcement wire 4 to the surface of the lumen
of the multi-lumen shaft 12, and Ly, the shortest distance from the surface of the reinforcement

wire 4 to the outer surface of the multi-lumen shaft 12. In cases where the shorter distance
selected from L and Lj is longer than the wall thickness of the balloon 2, t, heating of the

reinforcement wire 4 can be prevented.

[0029] The material of the reinforcement wire 4 may, not according to the invention, be an
aramid yarn or a nylon yarn, a carbon fiber, or according to the invention, a metal wire. In view
of increasing the tension resistance, rigidity, and corrosion resistance, a metal wire of SUS,
NiTi alloy, or platinum is preferably used. In order to make high frequency less likely to pass
through the reinforcement wire 4, the reinforcement wire is preferably arranged such that the
reinforcement wire is not exposed from the distal end tip of the catheter shaft.

[0030] The cross-sectional shape of the reinforcement wire 4 is not limited. In cases where
the wire has a rectangular cross section, when the reinforcement wire 4 is installed to form a
braid, the friction increases due to an increase in the contacting area among reinforcement
wires 4, so that elongation of the catheter shaft can be better reduced.

[0031] The material of the electrode 5 and the electric wire 7 may be any metal as long as the
metal allows electric transmission. A highly conductive electric wire of copper, silver, gold,
platinum, tungsten, an alloy, or the like is preferably used. For temperature measurement, the
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metal for the electric wire 8 for a temperature sensor needs to be different from that of the
electric wire 7. Preferably, the electric wire 7 is a copper wire, and the electric wire 8 for a
temperature sensor is a constantan wire. However, the electric wires are not limited to these.

[0032] In the second mode, the electric wire 7 plays roles both as an electric wire for
transmitting high-frequency current and as an electric wire for formation of a thermocouple.
Alternatively, the electric wire for transmitting high-frequency current and the electric wire for a
thermocouple may be separately provided.

EXAMPLES

[0033] Examples of the balloon ablation catheter of the present invention are concretely
described below with reference to figures.

(Example 1)

[0034] A balloon 2 was provided as a spherical balloon wherein the wall thickness at the
thinnest portion is 40 ym; the outer balloon diameter is 25 mm; the neck portion at the base-
end section of the balloon has a longitudinal length of 10 mm, an outer diameter of 3.6 mm,
and an inner diameter of 3.1 mm; and the neck portion at the tip section of the balloon has a
longitudinal length of 10 mm, an outer diameter of 2 mm, and an inner diameter of 1.6 mm.
The balloon 2 was prepared by blow molding using a urethane material.

[0035] On an inner layer tube 9 made of a PTFE material having an inner diameter of 2.5 mm
and a thickness of 50 ym, an SUS plate reinforcement wire 4 having a thickness of 60 ym and
a width of 190 ym was arranged in a mesh-like shape along the longitudinal direction of the
inner layer tube 9. The reinforcement wire was further covered with a polyurethane material
such that the outer diameter was 3.1 mm to form an outer layer tube 10, thereby preparing an
outer cylinder shaft 3 having a three-layer structure.

[0036] As a result, the outer cylinder shaft 3 was provided as a single-lumen catheter shaft
having an inner diameter of 2.5 mm, an outer diameter of 3.1 mm, a thickness of 300 ym, and
a length of 900 mm, wherein the shortest distance from the surface of the reinforcement wire 4
to the surface of the outer cylinder shaft 3 is 130 um.

[0037] The inner cylinder shaft 6 was prepared using nylon as a material such that a single-
lumen shaft having an inner diameter of 1.2 mm and an outer diameter of 1.6mm was
provided. As the electrode 5, a copper wire subjected to silver plating having a wire diameter of
30 ym was used, and the wire was wound around the inner cylinder shaft 6 into a coil shape
from the position 20 mm distant from the tip of the inner cylinder shaft 6 toward the base end in
the longitudinal direction along a distance of 10 mm.
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[0038] During the winding of the electrode 5 around the inner cylinder shaft 6 into a coil shape,
a constantan electric wire 8 with a wire diameter of 25 ym for a temperature sensor was folded
together to form a thermocouple. In the copper wire used as the electrode 5, the coil end of the
electrode 5 was linearly extended in the longitudinal direction toward the base end of the inner
cylinder shaft 6 in order to use the copper wire also as the electric wire 7.

[0039] The inner cylinder shaft assembly prepared as described above by combining the inner
cylinder shaft 6 with the electrode 5, the electric wire 7, and the electric wire 8 for a
temperature sensor was inserted into the outer cylinder shaft 3 such that the assembly
protrudes 35 mm from the outer cylinder shaft 3 toward the tip side in the longitudinal direction.
The neck portion in the base-end side in the longitudinal direction of the balloon 2 was adhered
to the outer cylinder shaft 3 under heat, and the neck portion in the tip side in the longitudinal
direction of the balloon 2 was adhered to the inner cylinder shaft 6 under heat, to prepare a
balloon ablation catheter 1.

(Comparative Example 1)

[0040] For comparison with Preparation Example 1 in terms of elongation of the balloon
ablation catheter, an ablation catheter was prepared such that the catheter has the same
constitution as that of Preparation Example 1 except that the reinforcement wire 4 was not
installed in the outer cylinder shaft 3, and that a single-lumen catheter shaft was prepared
using a polyurethane member tube having an inner diameter of 2.5 mm, an outer diameter of
3.1 mm, and a length of 900 mm.

(Comparative Example 2)

[0041] For comparison with Preparation Example 1 in terms of heat generation from the
balloon ablation catheter, an outer cylinder shaft 3 was prepared as follows. Tubing was
carried out with a polyurethane member such that the inner diameter was 2.5 mm and the
thickness was 180 pym, and an SUS reinforcement wire 4 having a wire diameter of 40 um was
linearly arranged thereon along the longitudinal direction, followed by carrying out tubing
thereon with the same polyurethane member such that the outer diameter was 3.0 mm, to
prepare the outer cylinder shaft.

[0042] The obtained outer cylinder shaft 3 had an inner diameter of 2.5 mm, an outer diameter
of 3.0 mm, a thickness of 250 ym, and a length of 900 mm. A single-lumen catheter shaft in
which the shortest distance from the surface of the reinforcement wire 4 to the surface of the
outer cylinder shaft 3 was 30 ym was prepared. Other constitutions were the same as those of
Preparation Example 1.

(Elongation Test)
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[0043] The balloon ablation catheters prepared in Example 1 and Comparative Example 1
were immersed in warm water at 37°C for 2 hours. Subsequently, while the tip in the
longitudinal direction of the outer cylinder shaft of each catheter was held with a hand, weight
was applied by giving a 7-kg weight to the posterior end in the longitudinal direction of the
outer cylinder shaft for a sufficient time. Thereafter, elongation of the outer cylinder shaft was
compared.

[0044] As a result of the elongation test, the outer cylinder shaft of the balloon ablation
catheter of Preparation Example 1 elongated from 900 mm to 901 mm, and the outer cylinder
shaft 3 did not cover the electrode 5. Thus, usefulness of the balloon ablation catheter could
be maintained in this case. On the other hand, the outer cylinder shaft of the balloon ablation
catheter of Comparative Example 1 elongated from 900 mm to 910 mm, and the outer cylinder
shaft 3 covered most part of the electrode 5. Thus, use of the balloon ablation catheter
became difficult in this case.

[0045] From the results of the elongation test, it is clear that the balloon ablation catheter of
the present invention prevents elongation of the outer cylinder shaft.

(Heat Generation Test)

[0046] For comparison of the heat generating property between Example 1 and Comparative
Example 2, high-frequency power was supplied to the balloon ablation catheters prepared in
Example 1 and Comparative Example 2, and the surface temperature of the catheter shaft was
compared between these.

[0047] Fig. 6 shows a schematic view of a catheter shaft heat generation test system.

[0048] In a water bath 12 filled with 0.9% physiological saline at 37°C, a counter electrode
plate 14 connected to a high-frequency power source 13 was placed, and the ablation
catheters of Example 1 and Comparative Example 2 were immersed in the water bath 12. The
electric wire 7 and the electric wire 8 for a temperature sensor were connected to the high-
frequency power source 14. On the surface of the outer cylinder shaft 3 in the vicinity of the
balloon of the balloon ablation catheter 1, a thermocouple 15 was attached, and the
temperature during application of high-frequency current was measured by a temperature
measuring device 16.

[0049] The balloons 2 of Example 1 and Comparative Example 2 were inflated to an outer
diameter of 25 mm by injection of 50% dilution of a contrast medium (ioxaglate injection; trade
name, Hexabrix 320) in physiological saline into the balloons 2.
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[0050] For investigating the surface temperature of the outer cylinder shaft 3 during the
application of high-frequency current, the thermocouple was placed at the position 15 mm
distant from the tip of the outer cylinder shaft 3.

[0051] The frequency of the high-frequency power source was set to 1.8 Mhz, and the
temperature in the balloon 2 was set to 70°C. As a result of application of high frequency for 5
minutes, the measured surface temperature of the outer cylinder shaft 3 was 39°C in Example
1. On the other hand, in Comparative Example 2, the measured surface temperature of the
outer cylinder shaft 3 was 51°C.

[0052] From the results of the heat generation test, it is clear that the balloon ablation catheter
of the present invention prevents generation of heat from the outer cylinder shaft.

INDUSTRIAL APPLICABILITY

[0053] The present invention can be used as a balloon ablation catheter and as a balloon
ablation catheter system for ablation of an affected target area.

DESCRIPTION OF SYMBOLS

[0054] 1, Balloon ablation catheter; 2, Balloon; 3, Outer cylinder shaft; 4, Reinforcement wire;
5, Electrode; 6, Inner cylinder shaft; 7, Electric wire; 8, Electric wire for a temperature sensor;
9, Inner layer tube; 10, Outer layer tube; 11, Multi-lumen shaft; 12, Water bath; 13, High-
frequency power source; 14, Counter electrode plate; 15, Thermocouple; 16, Temperature
measuring device
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PATENTKRAYV

1. Ballonablationskateter (1), omfattende

et kateterskaft (3), som omfatter et yderlagsror (10) og indeholder en
forstaerkningstrad (4) i et tykt afsnit svarende til tykkelsen fra en flade af et
indre hulrum i kateterskaftet (3) til fladen af kateterskaftets (3) yderlag,

hvor forsteerkningstraden (4) er indlagt derimellem;

en ballon (2) tilvejebragt ved kateterskaftets (3) ende; og

en elektrisk hgjfrekvensstramelektrode (5) anbragt i ballonen;

materialet af ballonen (2) er et elastisk materiale valgt blandt polyurethan
eller et gummi,

materialet af kateterskaftet (3) er valgt blandt gruppen bestdende af poly-
amidharpikser, polyamidelastomerer, polyolefiner, polyestere, polyurethan
og polyvinylchlorid; og

ballonablationskateteret (1) opfylder L>t, hvor L repraesenterer den korteste
afstand fra den yderste flade i forstaerkningstrddens (4) yderlagsside til
yderfladen af kateterskaftets (3) yderlagsror (10), og t repreesenterer vaeg-
tykkelsen af ballonens (2) tyndeste del;

kendetegnet ved, at

forstaerkningstraden (4) er en metaltrad.

2. Ballonablationskateter ifolge krav 1, hvor ballonens (2) vaegtykkelse er 20 til
150pum.

3. Ballonablationskateter ifglge krav 1 eller 2, hvor forsteerkningstraden (4) er
indsat til at danne en fletning.

4. Ballonablationskateter ifglge krav 1 eller 2, hvor forsteerkningstraden (4) er
indsat lineaert i kateterskaftets (3) la&engderetning.
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Ballonablationskateter ifolge et hvilket som helst af kravene 1 til 4, hvor

forsteerkningstraden (4) er indsat saledes, at forstaerkningstraden ikke er util-

deekket fra kateterskaftets (3) distale endespids.

6.

Ballonablationskatetersystem, omfattende:

ballonablationskateteret (1) ifolge et hvilket som helst af kravene 1 til 5;

en modelektrode (14) til at sende hgjfrekvens til den elektriske hgjfrekvens-
stramelektrode (5) i ballonen (2); og

en hgjfrekvensstromkilde (13) til at forsyne hgjfrekvensstrgam til mod-
elektroden (14).
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DRAWINGS
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