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(57) ABSTRACT

Provided is a multiple-electrode monorail guide catheter for
use in vascular insertion, including: an elongated catheter
main body having a proximal end and a distal end; a
guidewire inlet opening on the distal end; a guidewire outlet
opening; an operation tube; a terminal unit on the proximal
end; an electrode assembly having a double-lumen structure
composed of an outer tube having electrodes on an outer
surface of the outer tube and an inner tube independently
provided from the outer tube, allowing insertion of a guide-
wire, having an outer diameter smaller than an inner diam-
eter of the outer tube, and being accommodated within an
outer tube lumen; a clearance defined by the outer tube
luminal surface and an inner tube outer circumferential
surface; and lead wires extending from the electrodes to the
terminal unit on the proximal end and being inserted into the
lumen of the outer tube.
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MULTIPLE-ELECTRODE GUIDE CATHETER
FOR USE IN PERIPHERAL VESSEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2016-063083, filed Mar. 28, 2016, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to a monorail guide
catheter that is insertable into small peripheral vessels such
as coronary veins, and is provided with multiple electrodes
for pacing and/or mapping. The present invention also
relates to a production method of the monorail guide cath-
eter.

BACKGROUND ART

[0003] There have been utilized small-diameter electrode
catheters for the purpose of diagnosis of arrhythmias by
cardiac electrophysiological testing. Such catheters are
allowed to be inserted into the heart, particularly into
coronary veins to measure electric potentials inside the
coronary veins and to deliver electrical stimuli thereto in
order to examine cardiac stimulus conduction system, or
developmental mechanism of tachycardia circuit. Through
catheterization study of blood vessels that are more periph-
erally located, there can be identified the site to be treated in
an accurate manner. To achieve that, a catheter having a
more reduced diameter needs to be used. Accurate diagnosis
also contributes to the reduction in invasiveness caused by
the treatments of patients.

[0004] In order to ease the burden on patients during
catheter insertion, such catheters need to have excellent
maneuverability for inserting the catheters in less time such
that the electrodes thereof are allowed to reach a target site
in a shorten time.

[0005] As conventional arts to achieve such purpose, there
have been known some prior arts as disclosed in WQ96/
36277, JP2010051516 and JP2012075800 relating to car-
diovascular catheters equipped with electrodes for the pur-
poses of pacing and/or mapping. Unfortunately, the catheter
of W096/36277 has poor operability because no guidewire
is used for the catheter. For this reason, a substantial amount
of time is required for the catheter to be inserted into a
vascular affected site of a patient, resulting in discontinua-
tion of sales for safety concerns in many countries including
Japan.

[0006] Regarding catheters as disclosed in JP2010051516
and JP2012075800, catheters having external diameters not
smaller than 0.98 mm are currently in production and
commercially available in Japan. Unfortunately, due to
structural restriction associated with their small tube diam-
eters, there is a need to integrally mold a tube having two
lumens respectively corresponding to a lumen for insertion
of lead wire and a lumen for insertion of guide wire, as
shown in FIG. 1.

[0007] Further, in order to prevent blood vessel damages
caused by friction against a blood vessel wall while sliding
a catheter inside an intravascular lumen, there need to be
eliminated steps defined by differences in level between
electrodes and an outer circumferential surface of the cath-
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eter during a production step after mounting the electrodes.
These steps in conventional catheters have heretofore been
leveled through coating the same with resins as illustrated in
WO03/034932. As the result, there arises a problem that the
outer diameters of the electrode-equipped portions are made
larger than the other portions of the catheter.

[0008] As for the method of coating the steps, defined by
differences in level between the electrodes and outer cir-
cumferential surface of the catheter, with resin, the presence
of resin coated portion needs spacing the electrodes far
enough from each other, making it impossible to manufac-
ture a catheter equipped with electrodes spaced at short
intervals.

[0009] Further, if a stress is applied from the periphery of
the electrode to the central axis of the conventional catheter
for eliminating such steps, an inner lumen of the catheter
will be deformed, causing the same to be subjected to a high
shear stress by the insertion of a guidewire or mandrel into
the inner lumen of the catheter, thereby resulting in a
reduction in operation efficiency in manufacturing the cath-
eter; prolonged operation time; and reduced maneuverability
while using catheters in clinical practice.

SUMMARY OF THE INVENTION

[0010] In view of the problems described above, the
present invention provides a catheter capable of utilizing
guidewires, having an excellent in maneuverability during
insertion into a blood vessel, and capable of being produced
with a smaller external diameter compared to conventional
catheters, thus allowing insertion up to more peripheral
blood vessels, thereby enabling more peripheral pacing
and/or mapping. The catheter has electrodes that are nar-
rowly spaced, and includes no steps between sections pro-
vided with electrodes and those without electrodes, thus
providing an enhanced-safety catheter and a highly efficient
production method of making the same.

Means for Solving the Problems

[0011] According to an embodiment of the present inven-
tion, there is provided a multiple-electrode monorail guide
catheter for use in vascular insertion. The catheter includes
an elongated catheter main body having a proximal end and
a distal end; a guidewire inlet opening formed on the distal
end; an electrode assembly; a guidewire outlet opening; an
operation tube portion; and a terminal unit provided on the
proximal end. The electrode assembly has a double-lumen
structure composed of an outer tube with electrodes pro-
vided on an outer surface thereof, and an inner tube for
inserting a guidewire therethrough. An outer diameter of
said inner tube is smaller than an inner diameter of said outer
tube, and the inner tube is inserted through a lumen of said
outer tube. The outer tube and said inner tube are indepen-
dent from each other. A clearance is formed between a
luminal surface of said outer tube and an outer circumfer-
ential surface of said inner tube. The outer tube has though-
holes at electrode attaching sites for lead wire insertion, and
inserted through the lumen of said outer tube are lead wires
that are located outside said inner tube and extend from the
electrodes to said terminal unit on the proximal end.

[0012] There may be provided the catheter, wherein steps
are not formed between the outer surface of said outer tube
and outer surfaces of the electrodes.
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[0013] There may be provided the catheter, wherein 2 to
40 electrodes are embedded in an outer surface of said
electrode assembly.

[0014] There may be provided the catheter, wherein an
interval between the electrodes is 0.10 to 10 mm.

[0015] There may be provided the catheter, wherein an
outer diameter of said electrode assembly is 0.50 to 2.0 mm.

[0016] There may be provided the catheter, wherein the
electrodes are ones used to perform pacing and/or mapping.

[0017] There may be provided the catheter, wherein the
peripheral vessels are coronary arteries or coronary veins.

[0018] There may be provided the catheter, wherein the
electrodes are cardiac catheterization electrodes for use in
potential measurement in the heart, confirmation of cardiac
impulse conducting systems and confirmation of develop-
mental mechanisms of tachycardia circuits, in cardiac elec-
trophysiological testing.

[0019] The present invention further provides a method of
manufacturing the catheter, the method including:

[0020] a step of attaching the electrodes to the outer
tube of the catheter, the step including:

[0021] welding lead wires to an inner surface of a distal
electrode serving as a guidewire inlet opening and to an
inner surface of each electrode of the electrode assembly
respectively;

[0022] inserting the lead wires into the lumen of the outer
tube via the through holes that are bored at locations where
the electrodes are installed on the outer tube; and

[0023] mounting the electrodes to the outer tube of the
catheter, a step of inserting a mandrel through the lumen of
the outer tube to which the electrodes have been attached;

[0024] astep of eliminating steps defined by differences in
level between the surfaces of the electrodes and the outer
circumferential surface of the catheter outer tube, by apply-
ing a pressure to the outer tube through which the mandrel
is inserted from the outer circumferential side thereof toward
the central axis thereof;

[0025]

[0026] a step of inserting the lead wires connected to the
electrodes through the lumen of the operation tube;

[0027] a step of welding the operation tube to a double-
lumen tube composed of the outer tube equipped with the
electrodes and the inner tube used for inserting the guide-
wire to form the guidewire inlet opening; and

[0028] a step of connecting each of the lead wires con-
nected to the electrodes to a terminal of an electrode
potential monitor, in a proximal opening portion of the
operation tube.

a step of removing the mandrel from the outer tube;

Effects of the Invention

[0029] The catheter according to the present invention
permits high security usage of a catheter: capable of utilizing
guidewires and having excellent maneuverability during
insertion into a blood vessel; having smaller external diam-
eter so as to permit insertion up to more peripheral blood
vessels; allowing more peripheral pacing and/or mapping;
having electrodes that are narrowly spaced with each other;
and having no steps on sections provided with or without
electrodes. Further, the present invention provides highly
efficient production method of making the same.
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BRIEF DESCRIPTION OF THE DRAWING

[0030] FIG. 1 is an explanatory drawing illustrating a
sectional view of a conventional guide catheter for use in
peripheral vessels, the catheter sectioned at or in the vicinity
of a distal portion of the catheter;
[0031] FIG. 2 illustrates a schematic view of the catheter
according to the present invention;
[0032] FIG. 3A illustrates a front view of the catheter
according to the present invention;

[0033] FIG. 3B illustrates an enlarged view of a guidewire
inlet opening;
[0034] FIG. 4 illustrates a front view illustrating an

enlarged view of an electrode assembly of the catheter
according to the present invention;

[0035] FIG. 5 illustrates the guidewire inlet opening
located at a distal end of the catheter, according to the
present invention, when viewed from the distal side thereof;
[0036] FIG. 6 illustrates cross sectional view of the cath-
eter which is sectioned at the position of A as illustrated in
FIG. 4;

[0037] FIGS. 7A and 7B are explanatory drawings of the
catheter at or in the vicinity of an electrode-equipped
portion, illustrating how an outer tube equipped with elec-
trodes deforms in the course of embedding electrodes, while
an inner tube thereof remains undeformed. Specifically, FIG.
7A illustrates plane views respectively showing the elec-
trode, the outer tube and the inner tube, sequentially from the
right to the left, and FIG. 7B illustrates cross sectional view
of the catheter at position B where no electrodes is attached
thereto;

[0038] FIGS. 8A to 8B are explanatory drawings of the
catheter at or in the vicinity of the electrode-equipped
portion, illustrating how an outer tube equipped with elec-
trodes deforms in the course of embedding the electrodes,
while an inner tube thereof remains undeformed. Specifi-
cally, FIG. 8A illustrates a coronal sectional view of that
shown in FIG. 7A, and FIG. 8B illustrates cross sectional
view of the catheter at position C located in the electrode-
equipped portion; in the course of installing the electrodes,
the outer tube is more deformed as compared to the non-
electrode equipped portions shown in FIG. 7B, causing an
inner lumen of the outer tube to be narrowly formed, while
the inner tube remain unaffected;

[0039] FIG. 9 illustrates how the catheter of the present
invention is to be used. The figure illustrates how the
catheter is inserted through femoral vein up to heart in order
to perform pacing and/or mapping from the outside; and
[0040] FIG. 10 illustrates how the catheter of the present
invention is to be used. The figure illustrates how the
catheter of the present invention is inserted from vascular
system in posterior surface of the heart and postcaval vein,
through right atrial and coronary sinus to coronary veins.
The following symbols “a” to “y” illustrates, a: aortic arc, b:
left common carotid artery, c: left subclavian artery, dliga-
mentum arteriosum, e: left pulmonary artery, f: left pulmo-
nary vein, g: left atrium, h: great cardiac vein, i: circumflex
branch, j: posterior vein of left ventricle, k: left ventricle, 1:
right common carotid artery, m: right subclavian artery, n:
brachiocephalic artery, 0: azygos vein, p: superior vena cava,
q: right pulmonary artery, r: right pulmonary vein, s: right
atrial, t: postcaval vein, u: coronary sinus, v: right coronary
artery, w: posterior interventricular branch, x: middle car-
diac vein, y: right ventricle.
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MODE FOR CARRYING OUT THE INVENTION

[0041] The following embodiments of the present inven-
tion are only presented as examples, and are not to limit the
technical scope of the invention. The technical scope of the
invention is only limited by the descriptions in the claims.
The present invention may be modified (e.g. an element(s)
of the invention may be omitted or replaced, or an additional
element(s) may be added to the invention), without depart-
ing from the gist of the invention.

[0042] All the literatures mentioned in this specification
are incorporated in a way such that they are holistically
cited.

[0043] One embodiment of the present invention is a
multiple-electrode monorail guide catheter used for vascular
insertion.

[0044] The aforementioned catheter has an elongated
catheter main body; a proximal end; a distal end; a guidewire
inlet opening 16 provided on the distal end; an electrode
assembly 9; a guidewire outlet opening 12 (exit); an opera-
tion tube portion; and a terminal unit 2 provided on the
proximal end. Here, the electrode assembly 9 is formed into
a double-lumen structure composed of an outer tube 8 with
electrodes 10 provided on the outer surface thereof; and an
inner tube 6 for inserting a guidewire therethrough. An outer
diameter of the inner tube 6 is smaller than an inner diameter
of the outer tube 8, and the inner tube 6 is inserted through
the lumen of the outer tube 8. The outer tube 8 and the inner
tube 6 are independent from each other, and a clearance is
formed between the luminal surface of the outer tube 8 and
the outer circumferential surface of the inner tube 6. Inserted
through the lumen of the outer tube 8 are lead wires 7 that
are located outside the inner tube 6 and extend from the
electrodes 10 to the terminal unit 2 on the proximal end.
[0045] An electrode is attached to a distal tip end portion
of the catheter of the invention. This electrode not only
functions as an electrode, but also serves as a guidewire
insertion entrance. In this specification, this electrode pro-
vided on the distal end is referred to as a distal electrode 11.
Further, in this specification, the electrode assembly 9 refers
to a double-lumen portion composed of the outer and inner
tubes, except the site at the distal electrode 11; and the
guidewire insertion entrance and exit where the inner tube 6
and outer tube 8 are connected to each other. Electrodes
other than the distal electrode 11 are embedded in such
double-lumen portion as the electrode assembly 9. There-
fore, the double-lumen structure of the electrode assembly 9
is configured in a way such that the outer tube 8 and the inner
tube 6 are independent from each other, and are not inte-
grally molded together. That is, clearances, gaps or cavities
are formed between the outer tube 8 and the inner tube 6; and
the Iuminal surface of the outer tube 8 and the outer
circumferential surface of the inner tube 6 are mostly in no
contact with each other, even when they are partially in
contact with each other.

[0046] Further, one purpose of the invention is to prevent
the concavities and convexities on the outer surface of a
catheter from damaging an intravascular lumen wall by
scratch, when inserting the catheter of the invention into a
peripheral intravascular lumen. Another purpose of the
invention is to prevent an electrode-separation accident from
occurring in an intravascular lumen. Therefore, the catheter
of the invention is configured in such a way that steps are not
formed by the outer surfaces of the electrodes 10; and parts
of the outer surface of the outer tube 8 that are not equipped
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with the electrodes 10. In order to achieve these purposes,
the catheter of the invention is manufactured as follows.
That is, after attaching the electrodes 10 to the outer tube 8,
a pressure is applied from the outer circumferential side of
the outer tube 8 toward an axial direction thereof with an
inner tube 6 such as a mandrel being present in the lumen of
the outer tube 8, thereby allowing the electrodes 10 to be
embedded into the outer circumference of the outer tube 8,
thus eliminating the steps.

[0047] In this specification, the expression that “steps are
not formed” by the electrodes 10 and the outer circumfer-
ential surface of the outer tube 8, refers to a state where there
exists no step; or the steps are so small that an intravascular
lumen wall will not be damaged by scratch when inserting
the catheter of the invention into the intravascular lumen,
even without performing a coating treatment on the catheter.
[0048] In this process for eliminating the steps defined by
differences in level between the electrodes 10 and the outer
circumferential surface of the outer tube 8, the lumen of the
part of the outer tube 8 that is equipped with the electrodes
10 deforms and narrows due to a pressure. Here, a clearance
is provided between the luminal surface of the outer tube 8
and the outer surface of the inner tube 6 such that the
deformation of the outer tube 8 will not affect the shape of
the inner tube 6. By providing such clearance between the
outer tube 8 and the inner tube 6, the shape of the inner tube
6 will not be affected by the deformation of the outer tube
8 which is caused by the pressure applied from the outer
circumference of the electrodes 10 toward a central axis
direction during an electrode installation step in the manu-
facturing process. As a result, with regard to the insertion of
a mandrel or guidewire that is to be inserted through the
lumen of the inner tube 6, or the insertion of the inner tube
6 into the lumen of the outer tube 8, smooth insertion
operations are made possible without a significant shear
stress at the time of insertion.

[0049] Further, as the insertion operations of such guide-
wire, mandrel or inner tube 6 become smoother and more
efficient, the efficiency in manufacturing a catheter can be
improved as well.

[0050] Furthermore, with regard to the insertion of the
inner tube 6 into the outer tube 8, or the insertion of a
mandrel or guidewire into the outer tube 8 or inner tube 6
respectively, spraying a solvent on the surface of a member
to be inserted can further lower the shear stress at the time
of insertion, and further improve the operation efficiency
accordingly.

[0051] In fact, as described in working example, the
catheter of the invention can be manufactured in about
one-third the time of the conventional catheter described in
JP2012-75800 (ie. the manufacturing efficiency has
improved three times).

[0052] Moreover, since the catheter of the invention has
the aforementioned structure, there can be provided a cath-
eter with an outer diameter smaller than that of a conven-
tional catheter. Particularly, the catheter of the invention can
be inserted into smaller peripheral vessels into which a
conventional catheter could not be inserted to perform
pacing and/or mapping. That is, the catheter of the invention
allows pacing and/or mapping to be performed even on
those smaller peripheral vessels.

[0053] Since the catheter of the invention can be inserted
into smaller peripheral vessels, a signal source causing
arrhythmia can be precisely detected when treating the same,
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for example, and a disorder can thus be more precisely
removed through heat irradiation or a medical agent(s). That
is, an area of removal is made smaller such that a patient is
able to be treated in a less invasive manrer.

[0054] Examples of the peripheral vessels in which the
catheter of the invention may be used, include the coronary
veins and coronary arteries of the heart; and the arteries and
veins of the brain, lungs and kidneys.

[0055] Further, examples of the target diseases in which
pacing and/or mapping of the above peripheral vessels are
performed, include but are not limited to arrhythmias such
as atrial fibrillation (AF), atrioventricular re-entrant tachy-
cardia (AVRT) and left atrial tachycardia (LAT); and heart
failure.

[0056] In this specification, when expressing, for example,
the length, outer diameter or inner diameter of a catheter
with numerical values, a range defined by such numerical
values is a numerical value range interpreted by the signifi-
cant figures of such clearly specified numerical values, as
generally understood in the technical field of the present
invention. That is, for example, when there is a description
that “an outer diameter is 1 mm,” it means that the outer
diameter is in a range of 0.6 to 1.4 mm; and when there is
a description that “an outer diameter is 1.0 mm,” it means
that the outer diameter is in a range of 0.96 to 1.04 mm.

[0057] Further, these numerical values may appear after
the expression “about.” In such case, a numerical value
following the expression “about” is considered to have a
numerical value range interpreted by the significant figures
thereof as above. That is, for example, when there is a
description that “an outer diameter is about 1 mm,” it means
that the outer diameter is in a numerical value range of 0.6
to 1.4 mm; and when there is a description that “an outer
diameter is about 1.0 mm,” it means that the outer diameter
is in a range of 0.96 to 1.04 mm.

[0058] Moreover, the operability of a catheter affects the
time for performing intravascular insertion. A poor operabil-
ity leads to a longer time required to perform insertion,
which forces a patient to bear the burden. Since the catheter
of the invention which is to be inserted into peripheral
vessels requires a high operability, the catheter as a guide
catheter using a guidewire requires a lumen for inserting a
guidewire therethrough. Here, as a guidewire to be inserted
into small vessels, a guidewire with an outer diameter of
0.36 mm (0.014 inch) is used most frequently.

[0059] There are also manufactured and supplied guide-
wires having outer diameters of 0.30 mm (0.012 inch) and
0.25 mm (0.01 inch) which are smaller than the above outer
diameter. However, these guidewires has a little stiffness,
and are thus not used in a practical setting.

[0060] It is an object of the invention to allow a catheter
to be inserted into smaller peripheral vessels, and eliminate
the concavities and convexities on the outer surface of a
catheter that occur at the time of installing electrodes 10.
Therefore, the present invention has a step of applying a
pressure to the electrodes 10 from their outer circumferential
direction toward an inner center thereof; and the clearance is
provided between the outer tube 8 lumen and the inner tube
exterior such that the inner tube 6 will not be deformed
during the step of applying the pressure from the outer
circumferential side of the electrodes 10 toward the central
axis thereof, and that a guidewire is thus able to be smoothly
inserted through and removed from the lumen of the inner
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tube 6. Further, lead wires 7 are inserted through the
clearance between the outer tube 8 lumen and the inner tube
exterior.

[0061] That is, with regard to the abovementioned catheter
of the invention, the inner tube 6 will not be deformed into,
for example, an elliptical shape, and the electrodes 10 will
still maintain their shapes, even after the step where the
pressure is applied to the electrode-equipped outer tube 8
from the outer circumferential side thereof toward the cen-
tral axis thereof to embed the electrodes 10 into the outer
circumference of the catheter and then to eliminate the steps
defined by differences in level between the outer circumfer-
ential surfaces of the outer tube 8 and the electrodes 10.
Particularly, as a guidewire slides in the inner tube lumen, an
area of contact between the outer circumference of the
guidewire and the inner tube lumen is small such that a shear
stress will not occur between the guidewire and an inner
tube, or that a shape of a small circular section will be
maintained.

[0062] In order to obtain a catheter having such properties
and structures, certain restrictions have to be imposed on the
ranges of the outer and inner diameters of the outer tube 8;
outer and inner diameters of the inner tube 6; and the width
of the clearance between the outer tube 8 lumen and the
inner tube exterior.

[0063] The outer diameter of the electrode assembly 9 of
a conventional catheter is about 0.98 to about 3.4 mm.
However, the outer diameter of the electrode assembly 9 of
the catheter of the present invention is about 0.50 to about
2.0 mm, preferably about 0.60 to about 1.5 mm, most
preferably about 0.85 to about 1.1 mm. Thus, there may be
provided a catheter of the invention whose electrode assem-
bly 9 has an outer diameter of about 0.80 to about 0.98 mm.
[0064] For example, when the outer diameter of the outer
tube 8 is about 0.90 mm, the inner diameter thereof is about
0.70 mm, the outer diameter of the inner tube 6 is about 0.50
to 0.60 mm, the outer diameter of the electrode assembly 9
is about 1.0 mm, the inner diameter of the electrode assem-
bly 9 is about 0.90 mm, the outer diameter of the electrode
assembly 9 after eliminating the steps defined by differences
in level between the electrodes 10 and catheter outer cir-
cumference by applying a pressure thereto is 0.90 mm, the
inner diameter of the electrode assembly 9 after eliminating
the steps defined by differences in level between the elec-
trodes 10 and catheter outer circumference by applying a
pressure thereto is 0.80 mm, and the outer diameter of a lead
wire is in a range of about (.05 to about 0.10 mm where the
outer diameter of a lead wire is typically about 0.08 mm.
Further, the width of the clearance between the outer tube
lumen and the inner tube exterior is in a range of about 0.05
to about 0.2 mm.

[0065] As such electrodes, there can be used, for example,
pipe-shaped or coil-shaped electrodes.

[0066] Moreover, since there exists no step in the elec-
trode assembly 9 of the catheter of the invention, that is often
formed by the electrodes 10 and the non-electrode equipped
portions, a resin is not required to be applied to the step
portion as conventionally applied, thereby making it pos-
sible to manufacture a catheter with a narrower interval
between the electrodes 10. Possible electrode intervals
include a range of about 0.10 to about 200 mm, a range of
about 0.10 to about 0.15 mm, a range of about 0.10 to about
0.20 mm, a range of about 0.10 to about 0.25 mm, a range
of about 0.15 to about 0.20 mm, a range of about 0.15 to
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about 0.25 mm, a range of about 0.20 to about 0.25 mm, a
range of about 0.25 to about 5 mm or a range of about 0.50
to about 5 mm.

[0067] Particularly, the electrode interval can be made
smaller if using coil-shaped electrodes.

[0068] Regardless of a pipe-shaped electrode or a coil-
shaped electrode, the width of such electrode is about 0.30
to about 4.0 mm, preferably about 0.40 to about 3.0 mm,
most preferably about 0.50 to about 2.0 mm. The outer
diameter of the electrode is, for example, about 1.0 mm, and
the inner diameter thereof is about 0.90 mm.

[0069] Since the electrode interval can thus be made
small, a number of electrodes can be installed highly
densely. The number of the electrodes that can be attached
to one catheter of the invention is 2 to 40, preferably 4 to 30,
most preferably 6 to 20.

[0070] In the case of the catheter of the present invention,
the length from the guidewire inlet opening 16 to the
guidewire outlet opening 12, including the electrode assem-
bly 9 (i.e. double-lumen portion), is in a range of about 130
to about 400 mm, preferably a range of about 140 to 350
mm, most preferably about 200 mm.

[0071] The entire length of the catheter of the invention is
in a range of about 500 to about 2,000 mm, most preferably
about 1,300 mm.

[0072] The length of the operation tube 5 is in a range of
about 100 to about 1,900 mm; and the outer diameter thereof
is in a range of about 0.5 to about 1.6 mm, preferably in a
range of about 0.6 to about 0.8 mm.

[0073] As for the lead wires 7, a resin is applied to the
outer circumferences thereof. And, there are used, for
example, lead wires 7 whose outer circumferential surfaces
have been insulated. Here, the outer diameter of the lead
wires 7 is about 0.08 mm, and the lead wires 7 are inserted
through the lumens of the double-lumen portion and the
operation tube portion, ranging from the electrodes to the
terminal unit 2 of the catheter proximal end portion.
[0074] In the double-lumen portion, the lead wires 7 are
inserted through the lumen of the outer tube 8 and outside
the inner tube 6, from the electrodes 10 toward the proximal
end. In the operation tube 5, the lead wires 7 are inserted
through the lumen thereof, and are connected to, for
example, a cardiac electrophysiological observation/moni-
toring device, a pacing/sensing analyzer or a pulse generator,
through the terminal unit 2 at the proximal end.

[0075] Further, one embodiment of the present invention
is a method for manufacturing the above catheter of the
invention.

[0076] The above catheter can be manufactured through
the following steps which are

[0077] a step of attaching the electrodes 10 to the outer
tube 8 of the catheter, by inserting lead wires 7 that are
already welded to an inner surface of the distal electrode 11
and the electrodes 10 to be attached to the electrode assem-
bly 9 into the outer tube lumen via holes 15 that are bored
at locations where the electrodes are installed on the outer
tube 8;

[0078] a step of inserting the mandrel through the lumen
of the outer tube 8 to which the electrodes 10 have been
attached;

[0079] a step of eliminating the steps that are formed
between the surfaces of the electrodes 10 and the outer
circumferential portion of the catheter outer tube, by apply-
ing a pressure to the outer tube 8 to which the electrodes 10
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have been attached from the outer circumferential side
thereof toward the central axis thereof

[0080] a step of removing the mandrel from the outer tube
8
[0081] astep of inserting the lead wires 7 connected to the

electrodes 10 through the lumen of the operation tube 5;
[0082] a step of thermally bonding the operation tube 5
and the double-lumen tube composed of the outer tube 8
equipped with the electrodes 10 and the inner tube 6 used for
inserting the guidewire, where a proximal opening portion
of the inner tube 6 is maintained open while performing
bonding such that the proximal opening portion will become
the opening portion of guidewire insertion part; and
[0083] a step of connecting each of the lead wires 7
connected to the electrodes 10 to a terminal 2 of an electrode
potential monitor, in a proximal opening portion of the
operation tube 5.

[0084] With regard to the above-described catheter of the
invention, although the outer tube 8 and the inner tube 6 are
welded together at the entrance and exit for use in guidewire
insertion, the electrode assembly 9 therebetween has the
double-lumen structure, and a clearance is provided between
the inner tube 6 and the outer tube 8. Further, the electrodes
10 are to be attached to the outer surface of the outer tube
8, and a pressure is applied from the outside toward the inner
center thereof so as to eliminate the steps. In the case of a
conventional catheter, its lumen will be deformed, narrowed
or blocked under such circumstance. Particularly, in the
manufacturing process of a conventional catheter, a mandrel
or a guidewire could not be smoothly inserted into the inner
tube lumen, and the inner tube 6 could not be smoothly
inserted into the outer tube lumen, due to an increased shear
stress. That is, insertion operations were time-consuming in
the manufacturing process of a conventional catheter.
[0085] In contrast, when manufacturing the catheter hav-
ing the structures of the present invention through the above
manufacturing method, a little shear stress occurs when
inserting the inner tube 6 into the outer tube lumen, and
when inserting a mandrel or a guidewire into the inner tube
lumen. That is, there can be achieved smooth insertion
operations, which contributes to an improvement in the
efficiency of manufacturing the catheter.

[0086] In addition, the shear stress occurring at the time of
performing insertion can be further reduced, and the opera-
tion efficiency can thus be improved, by spraying or apply-
ing a solvent on a mandrel, a guidewire or the inner tube 6
before inserting the same into a corresponding lumen.
[0087] Ethanol or a sterilized water, for example, may be
the solvent used when inserting a mandrel, a guidewire or
the inner tube 6 into a tube lumen.

Working Example

[0088] As an example of the catheter shown in FIG. 2 to
FIG. 8, there was manufactured the catheter of the invention
by the following method. Particularly, there were employed
members by which the entire length of this catheter was
made about 1,300 mm, the length of its double-lumen
portion was made about 200 mm, the outer and inner
diameters of its outer tube 8 were respectively made about
0.90 mm and about 0.66 mm, the outer and inner diameters
of its inner tube 6 were respectively made about 0.60 mm
and 0.40 mm, and the outer diameter of its opening portion
of guidewire insertion part was made about 1.0 mm.
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[0089] The inner portions of a distal electrode 11 and
electrodes 10; and lead wires 7 were welded together
through laser welding. Next, the lead wires 7 were inserted
into an outer tube lumen through-holes 15 that had already
been bored at locations where the electrodes are installed on
an outer tube 8, so as to attach the distal electrode 11 to the
distal end portion of outer tube of the catheter. Further, a
mandrel on which ethanol had been sprayed was inserted
through the lumen of the outer tube 8 to which the electrodes
10 had been attached. Later, a pressure was applied to the
outer tube 8 to which the electrodes 10 had been attached
from an outer circumferential side thereof toward a central
axis direction thereof, thus eliminating steps defined by
differences in level between the surfaces of the electrodes 10
and the outer circumferential portion of the catheter outer
tube. Next, the mandrel was removed from the outer tube 8.
In addition, ethanol was sprayed on an inner tube 6 for
inserting a guidewire therethrough, followed by inserting
such inner tube 6 through the lumen of the outer tube 8.
Next, the lead wires 7 connected to the electrodes 10 were
inserted through the lumen of an operation tube 5. Later, the
operation tube 5; and a double-lumen tube composed of the
outer tube 8 already equipped with the electrodes 10 and the
inner tube 6 used for inserting the guidewire, were bonded
together using a high-frequency heat generating device. At
that time, the proximal opening portion of the inner tube 6
was maintained open while performing bonding, such that
the proximal opening portion will become the exit opening
of the guidewire insertion part. Next, each of the lead wires
connected to the electrodes 10 was connected to a terminal
2 of an electrode potential monitor through a connector
portion, in a proximal opening portion of the operation tube
5.

[0090] As a result of manufacturing the catheter of the
invention through the above method, there was obtained a
catheter having an outer diameter of 0.90 mm which was
smaller than that of the conventional catheter (minimum
outer diameter: 0.98 mm) described in JP2012-75800. Here,
the catheter of the invention can be manufactured in about
one-third of the time of such conventional catheter, i.e., the
manufacturing efficiency is improved three times in the case
of the catheter of the present invention.

[0091] The catheter of the present invention is used in the
following manner when, for example, performing pacing
and/or mapping on the coronary veins of the heart. However,
the catheter of the invention may also be used in a different
manner when performing such procedures (see FIG. 9 and
FIG. 10)

[0092] 1. One femoral vein is approached through skin
incision.
[0093] 2. A wire guide (catheter introducer kit) is inserted

into the lumen of the femoral vein from outside the incision.
[0094] 3. An amplatz-type guide catheter (guiding catheter
or angiographic catheter) is inserted through the wire guide,
and brought to the coronary sinus ostium (CS ostium) of the
right atrium of the heart.

[0095] 4. A guidewire is inserted through the lumen of the
guide catheter, and then brought to an affected area in a
coronary vein or to an observation site (peripheral vessel).
[0096] 5. By running though the guidewire, the catheter of
the invention is inserted from an inner tube opening formed
at a distal tip end portion of the catheter, followed by
allowing the catheter of the invention to pass through veins
from the femoral vein, and the guidewire to thus advance
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inside the catheter until a proximal tip end portion thereof
had entered the catheter. In this way, the electrodes are able
to be positioned at the affected site in the coronary vein or
in a lumen as the observation site.

[0097] 6. A terminal unit 2 of the catheter is then con-
nected to, for example, a pulse generator or a pacing system
analyzer through an extension cable or the like.

[0098] 7. Pacing and/or mapping are performed on the
affected site in the coronary vein or on the observation site.
[0099] 8. After performing pacing and/or mapping on the
affected site in the coronary vein or on the observation site,
the catheter, guidewire and guide catheter are removed in an
order opposite to that in which the insertion procedures are
performed.

[0100] 9. The incision above the femoral vein is sutured.
[0101] Further, when the catheter of the invention is used
to perform pacing and/or mapping on the coronary veins of
the heart, there may also be employed methods where
instead of the femoral vein, the catheter can be applied
through the left or right cephalic vein, the subclavian vein or
the internal jugular vein. Normally, the left lateral subcla-
vian vein or the right internal jugular vein is utilized.

What is claimed:

1. A multiple-electrode monorail guide catheter for use in
vascular insertion, comprising;

an elongated catheter main body having a proximal end

and a distal end;

a guidewire inlet opening formed on the distal end;

a guidewire outlet opening;

an operation tube portion;

a terminal unit provided on the proximal end;

an electrode assembly having a double-lumen structure

composed of:

an outer tube having electrodes provided on an outer
surface thereof; and

an inner tube for inserting a guidewire therethrough,
having an outer diameter smaller than an inner
diameter of said outer tube, and being accommo-
dated within a lumen of said outer tube,

wherein said outer tube and said inner tube are inde-
pendently provided from each other;

a clearance defined by a luminal surface of the outer tube

and an outer circumferential surface of the inner tube;
through-holes bored at locations where the electrodes are
installed on the outer tube; and

lead wires extending from the electrodes to the terminal

unit on the proximal end, said lead wires located
outside the inner tube and inserted via the through-
holes into the lumen of the outer tube.

2. The catheter according to claim 1, wherein the mul-
tiple-electrode monorail guide catheter is free from steps
formed between the outer surface of said outer tube and
outer surfaces of the electrodes.

3. The catheter according to claim 2, wherein 2 to 40
electrodes are embedded in an outer surface of said electrode
assembly.

4. The catheter according to claim 3, wherein an interval
between the electrodes is 0.10 to 10 mm.

5. The catheter according to claim 3, wherein an outer
diameter of said electrode assembly is 0.50 to 2.0 mm.

6. The catheter according to claim 4, wherein an outer
diameter of said electrode assembly is 0.50 to 2.0 mm.

7. The catheter according to claim 3, wherein the elec-
trodes are ones used to perform pacing and/or mapping.
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8. The catheter according to claim 4, wherein the elec-
trodes are ones used to perform pacing and/or mapping.
9. The catheter according to claim 5, wherein the elec-
trodes are ones used to perform pacing and/or mapping.
10. The catheter according to claim 3, wherein said
peripheral vessels are coronary arteries or coronary veins.
11. The catheter according to claim 4, wherein said
peripheral vessels are coronary arteries or coronary veins.
12. The catheter according to claim 5, wherein said
peripheral vessels are coronary arteries or coronary veins.
13. The catheter according to claim 6, wherein said
peripheral vessels are coronary arteries or coronary veins.
14. The catheter according to claim 7, wherein said
peripheral vessels are coronary arteries or coronary veins.
15. The catheter according to claim 8, wherein said
peripheral vessels are coronary arteries or coronary veins.
16. The catheter according to claim 9, wherein said
peripheral vessels are coronary arteries or coronary veins.
17. The catheter according to claim 1, wherein the elec-
trodes are cardiac catheterization electrodes for use in poten-
tial measurement, confirmation of cardiac impulse conduct-
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ing systems and confirmation of developmental mechanisms
of tachycardia circuits, in cardiac electrophysiological test-
ing.

18. The catheter according to claim 2, wherein the elec-
trodes are cardiac catheterization electrodes for use in poten-
tial measurement, confirmation of cardiac impulse conduct-
ing systems and confirmation of developmental mechanisms
of tachycardia circuits, in cardiac electrophysiological test-
ing.

19. The catheter according to claim 3, wherein the elec-
trodes are cardiac catheterization electrodes for use in poten-
tial measurement, confirmation of cardiac impulse conduct-
ing systems and confirmation of developmental mechanisms
of tachycardia circuits, in cardiac electrophysiological test-
ing.

20. The catheter according to claim 4, wherein the elec-
trodes are cardiac catheterization electrodes for use in poten-
tial measurement, confirmation of cardiac impulse conduct-
ing systems and confirmation of developmental mechanisms
of tachycardia circuits, in cardiac electrophysiological test-
ing.



patsnap

TREMOF) ATHARAMENLERGE

[F(RE)E US20170273627A1 [ (r&)B 2017-09-28
HiES US15/332466 B H 2016-10-24
[FRIRBAA HARA HIROSHI

KA HARA, HIROSHI

IPCH%E A61B5/00 A61N1/362 A61N1/05 A61B5/042 A61B5/0464

CPCH#%%E A61B5/6852 A61B5/0422 A61N2001/0585 A61N1/056 A61N1/3622 A61B5/0464
1 5642 2016063083 2016-03-28 JP

St USPTO

RE(GR)

RHE-—MATOERANSZERENSISSE , B8 ARSEXH,
SRR MER, 4 A O Timm S 4 80 REE TRNKRE TR
BEXRRLEHERRAN  FTRMREHEENENINRE L EF BN
AEMIRU B IREENE LHAEAR , AFBANERPTARENSL
AEN—7 , FAEAERNBAERRANNENERREREN
1B B 5| £ M\ BB AR {60 03T i O 4R Ui 82 T SR A SN E I AR AR

8 11(16)



https://share-analytics.zhihuiya.com/view/4168900d-4850-488f-ac02-d1cfe8b1cf8b
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170273627%22.PGNR.&OS=DN/20170273627&RS=DN/20170273627

