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(57) ABSTRACT

A highly safe catheter that measures electric potential can be
inserted into a cardiac chamber together with a balloon-tip
ablation catheter and is able to prevent abnormal heat genera-
tion at electric potential-measuring electrodes even when
high-frequency current is distributed. The catheter includes a
shaft having electric potential-measuring electrodes, a metal
portion with a length of 2 mm or more, and a lumen passing
therethrough from a proximal end to a distal end in the lon-
gitudinal direction; and a metal wire inserted through the
lumen and connected to the metal portion.
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CATHETER FOR MEASURING ELECTRIC
POTENTIAL

RELATED APPLICATIONS

[0001] Thisisa §371 of International Application No. PCT/
JP2011/062889, with an international filing date of Jun. 6,
2011 (WO 2011/155424 A1, published Dec. 15,2011), which
is based on Japanese Patent Application No. 2010-130774,
filed Jun. 8, 2010, the subject matter of which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates to a catheter for measuring
electric potential.

BACKGROUND

[0003] Catheter ablation is a method of treating arrhythmia
by inserting an ablation catheter into a cardiac chamber and
cauterizing cardiac muscle tissue with electrodes attached to
the distal end of the catheter. In that method, it is common to
perform an electrophysiological examination using a catheter
for measuring electric potential to determine the cautery site
and confirm therapeutic effects. Catheters for measuring elec-
tric potential are constituted to comprise a plurality of electric
potential-measuring electrodes, electric potential-measuring
electrode leads connected to the electric potential-measuring
electrodes, and an electric potential-measuring apparatus
connector. A measurement of electric potential of cardiac
muscle tissue allows for confirmation of the cauterized site
and the cautery site.

[0004] In recent years, a balloon-tip ablation catheter in
which a balloon attached at the distal side of a catheter is
introduced percutaneously into inferior vena cava to reach the
right atrium of the heart and the left atrium through the atrial
septum and cardiac muscle tissue is cauterized by heating the
balloon inflated there with a high-frequency current has been
developed (JP 2002-78809 A and Japanese Patent No.
4062935) and become the mainstream of catheter ablation.
Even in the treatment using a balloon-tip ablation catheter, an
electrophysiological examination using a catheter for mea-
suring electric potential is still required to determine the
cautery site and confirmation of therapeutic effects, and thus
a balloon-tip ablation catheter also having an electrophysi-
ological examination function has also been reported (Japa-
nese Patent No. 4417052).

[0005] However, the previously-reported conventional bal-
loon-tip ablation catheters also having an electrophysiologi-
cal examination function proved to be at high risk of causing,
for example, thrombosis, excessive cauterization, and tissue
perforation in an affected area because, when a balloon is
heated by distributing high-frequency current between a
return electrode outside the patient’s body and a high-fre-
quency current distributing electrode in the balloon, the high-
frequency current is distributed also between the return elec-
trode and electric potential-measuring electrodes, causing a
phenomenon of abnormal heat generation at the electric
potential-measuring electrodes.

[0006] On the other hand, when treatment is carried out
with a catheter for measuring electric potential being pro-
vided separately from a balloon-tip ablation catheter to
ensure patient safety, it is necessary to once evulse the bal-
loon-tip ablation catheter from a patient and then again insert
the catheter for measuring electric potential into a cardiac
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chamber to perform an electrophysiological examination,
and a prolonged procedure time and the associated increased
burden on physicians and patients are unavoidable.

[0007] Thus, it could be helpful to provide a highly safe
catheter for measuring electric potential that can be inserted
into a cardiac chamber together with a balloon-tip ablation
catheter and is able to prevent abnormal heat generation at
electric potential-measuring electrodes even when high-fre-
quency current is distributed.

SUMMARY
[0008] We thus provide (1) to (8) below:
[0009] (1) A catheter for measuring electric potential,

comprising: a shaft having electric potential-measuring
electrodes, a metal portion with a length of 2 mm or
more, and a lumen passing therethrough from a proximal
end to a distal end in the longitudinal direction; and a
metal wire inserted through the lumen and connected to
the metal portion.

[0010] (2) The catheter for measuring electric potential
according to (1) above, wherein the above-described
electric potential-measuring electrodes are attached at a
distal side in the longitudinal direction of the above-
described shaft, and the above-described metal portion
is located distally relative to the position of the above-
described electric potential-measuring electrodes in the
longitudinal direction of the above-described shaft.

[0011] (3) The catheter for measuring electric potential
according to (1) or (2) above, wherein the length of the
above-described metal portion is 2 to 50 mm.

[0012] (4) The catheter for measuring electric potential
according to any one of (1) to (3) above, wherein the
above-described metal wire is electrically insulated.

[0013] (5) A catheter for measuring electric potential,
comprising a metallic shaft having electric potential-
measuring electrodes and a lumen extending in the lon-
gitudinal direction.

[0014] (6) The catheter for measuring electric potential
according to (5) above, wherein the above-described
metallic shaft is obtained by forming a metal wire into a
coil shape.

[0015] (7) The catheter for measuring electric potential
according to (5) or (6) above, wherein the above-de-
scribed metallic shaft is electrically insulated.

[0016] (8) A balloon-tip ablation catheter system, com-
prising the catheter for measuring electric potential
according to any one of (1) to (7) above and a balloon-tip
ablation catheter comprising a lumen passing there-
through from a proximal end to a distal end in the lon-
gitudinal direction, wherein the above-described cath-
eter for measuring electric potential is inserted through
the lumen of the above-described balloon-tip ablation
catheter.

[0017] Abnormal heat generation at electric potential-mea-
suring electrodes of a catheter for measuring electric potential
can be prevented even when high-frequency current is dis-
tributed, and excessive cauterization of cardiac muscle tissue
can be prevented. Further, a catheter for measuring electric
potential can be inserted into a cardiac chamber simulta-
neously with a balloon-tip ablation catheter, and therefore
burden on physicians and patients can be significantly
reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 11is a schematic view of the catheter for mea-
suring electric potential according to the first example.
[0019] FIG. 2 is a schematic view illustrating a cross sec-
tion vertical to the longitudinal direction the catheter for
measuring electric potential according to the first example.
[0020] FIG. 3 is a schematic view of a balloon-tip ablation
catheter system in which the catheter for measuring electric
potential according to the first example is inserted through a
lumen of a balloon-tip ablation catheter.

[0021] FIG. 4 illustrates a test system for measuring the
temperature of electric potential-measuring electrodes and a
distal metal portion.

DESCRIPTION OF SYMBOLS

[0022] 1: Catheter for measuring electric potential

[0023] 2: Electric potential-measuring electrodes

[0024] 3: Shaft

[0025] 4: Electric potential-measuring apparatus connector
[0026] 5: Distal metal portion

[0027] 6: Metal wire

[0028] 7: Electric potential-measuring electrode leads
[0029] 8: Balloon-tip ablation catheter

[0030] 9: Balloon

[0031] 10: High-frequency current distributing electrode
[0032] 11: Temperature sensor

[0033] 12: Outer tubular body

[0034] 13: Inner tubular body

[0035] 14: High-frequency power generator connector
[0036] 15: High-frequency power generator

[0037] 16: Luerlock

[0038] 17:Y-shaped connector

[0039] 18: Return electrode

[0040] 19: Return electrode lead

[0041] 20: T-type thermocouple

[0042] 21: Temperature data logger

DETAILED DESCRIPTION

[0043] Preferred examples will now be described in detail
with reference to the drawings, but the disclosure is not lim-
ited to these examples. Like numbers refer to like elements,
and repetitive descriptions will be omitted. The scale of the
drawings does not necessarily correspond to those in the
description. It should be understood that “length” as used
herein represents the length in the longitudinal direction.
[0044] The catheter for measuring electric potential is char-
acterized by comprising: a shaft having electric potential-
measuring electrodes, a metal portion with a length of 2 mm
or more, and a lumen passing therethrough from a proximal
end to a distal end in the longitudinal direction; and a metal
wire inserted through the lumen and connected to the metal
portion.

[0045] FIG. 1is a schematic view of the catheter for mea-
suring electric potential according to the first example.
[0046] The catheter for measuring electric potential 1
shown in FIG. 1 comprises a plurality of electric potential-
measuring electrodes 2, a distal metal portion 5, a shaft 3, and
an electric potential-measuring apparatus connector 4.
[0047] The number of the electric potential-measuring
electrodes 2 attached to the shaft 3 is preferably 1 to 16 and
more preferably 4 to 10. As a material of the electric potential-
measuring electrodes 2, a highly conductive metal is pre-
ferred, and examples thereof include silver, gold, platinum,
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copper, and SUS. The electric potential-measuring electrodes
2 are preferably attached at the distal side in the longitudinal
direction of the shaft 3, as shown in FIG. 1.

[0048] As shown in FIG. 1, when the electric potential-
measuring electrodes 2 are attached to the surface of the shaft
3, the shape of the electric potential-measuring electrodes 2 is
preferably cylindrical. The length of the cylinder-shaped
electric potential-measuring electrodes 2 is preferably 0.5 to
2.0 mm and more preferably 1.0 to 2.0 mm.

[0049] As a material of the distal metal portion 5, i.e., “the
metal portion,” a highly conductive metal is preferred, and
examples thereof include silver, gold, platinum, copper, and
SUS. “The metal portion” is preferably attached at the distal
side in the longitudinal direction of the shaft 3, more prefer-
ably located distally relative to the position of the electric
potential-measuring electrodes 2 in the longitudinal direction
of the shaft 3 like the distal metal portion 5 shown in FIG. 1,
and still more preferably attached to the distal end of the shaft
3.

[0050] To prevent abnormal heat generation around the
distal metal portion 5 and the electric potential-measuring
electrodes 2, the length of the distal metal portion 5 is pref-
erably 2 mm or more and more preferably 5 mm or more. In
view of the risk, for example, of reduction in operability,
cardiac wall perforation, or vascular injury, the length of the
distal metal portion 5 is preferably not more than 50 mm and
more preferably not more than 25 mm,

[0051] “The metal portion,” the form of which is not par-
ticularly restricted, may be formed by inserting a shaft made
of highly conductive metal or the like through a lumen of the
shaft 3 and removing a portion of the shaft 3 to expose the
highly conductive metal or the like, or may be formed by
removing a portion of the coating of the shaft 3 that is made of
highly conductive metal or the like coated with other materi-
als to expose the highly conductive metal or the like. Further,
a portion of the shaft made of highly conductive metal or the
like that has been exposed at the distal end of the shaft 3 as a
result of inserting a shaft made of highly conductive metal or
the like that is longer than the shaft 3 through a lumen of the
shaft 3 may be defined as the distal metal portion 5.

[0052] Because the catheter for measuring electric poten-
tial is used inserted through a lumen of a balloon-tip ablation
catheter, the length of the shaft 3 is preferably longer than the
whole length of the balloon-tip ablation catheter, more pref-
erably 600to 1800 mm, and more preferably 700 to 1300 mm.
In addition, because the catheter for measuring electric poten-
tial is used inserted through a lumen of a balloon-tip ablation
catheter, the outer diameter of the shaft 3 is preferably 0.6 to
1.2 mm and more preferably 0.8 to 1.2 mm.

[0053] As a material of the shaft 3, materials having low
conductivity, excellent antithrombogenicity, and flexibility
are preferred, and examples thereof include fluororesins,
polyamide resins, polyurethane resins, and polyimide resins.
For example, when the shaft 3 is made of highly conductive
metal or the like coated with other materials as described
above, it is preferable to use as the “other material” the fluo-
roresins or the like described above.

[0054] The shape of the shaft 3 at the region where a plu-
rality of the electric potential-measuring electrodes 2 are
attached may be not only linear as shown in FIG. 1, but also
looped or the like. In the shaft 3, the length of the region where
aplurality of the electric potential-measuring electrodes 2 are
attached is preferably 20 to 100 mm and more preferably 30
to 80 mm. Further, the intervals between the electric poten-
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tial-measuring electrodes 2 in the case where three or more
electric potential-measuring electrodes 2 are attached are
preferably equal regardless of the shape of the shaft.

[0055] As shown in FIG. 1, when the distal metal portion 5
is located distally relative to the position of the electric poten-
tial-measuring electrodes 2 in the longitudinal direction of the
shaft 3, the interval between the electric potential-measuring
electrodes 2 attached at the most distal side and the distal
metal portion 5 is preferably 5 to 50 mm and more preferably
10 to 40 mm.

[0056] FIG. 2 is a schematic view illustrating a cross sec-
tion vertical to the longitudinal direction the catheter for
measuring electric potential according to the first example.

[0057] In the catheter for measuring electric potential 1
shown in FIG. 2, the shaft has a lumen passing therethrough
from a proximal end to a distal end in the longitudinal direc-
tion, and a metal wire 6 and a plurality of electric potential-
measuring electrode leads 7 are inserted through the Iumen.
The distal end of the metal wire 6 is connected to the distal
metal portion 5, and the distal end of the electric potential-
measuring electrode leads 7 is connected to the electric poten-
tial-measuring electrodes 2, respectively. Examples of the
connection method include, but are not limited to, connec-
tions by soldering, welding, and caulking. Alternatively, the
metal wire 6 and the distal metal portion 5 may be formed
integrally from the same material in advance.

[0058] The diameters of the metal wire 6 and the electric
potential-measuring electrode leads 7 are preferably 0.1 to 1
mm and more preferably 0.2 to 0.5 mm. Examples of the
material of the metal wire 6 and the electric potential-mea-
suring electrode leads 7 include highly conductive metals
such as coppet, silvet, gold, platinum, tungsten, and alloy, and
the electric potential-measuring electrode leads 7 is prefer-
ably coated with an electrically insulating protective covering
such as a fluororesin to prevent a short circuit.

[0059] The proximal end of the electric potential-measur-
ing electrode leads 7 is connected to the electric potential-
measuring apparatus connector 4 shown in FIG. 1. Examples
of the material of a sheathing of the electric potential-mea-
suring apparatus connector 4 include low-conductive
polysulfones, polycarbonates, and vinyl chloride resins. A
plurality of metal pins are arranged inside the electric poten-
tial-measuring apparatus connector 4, and the electric poten-
tial-measuring electrode leads 7 are connected to the metal
pins. Examples ofthe connection method include, but are not
limited to, connections by soldering, welding, and caulking.

[0060] The proximal end of the metal wire 6 is preferably
electrically insulated to inhibit the distribution of high-fre-
quency current between a return electrode and the electric
potential-measuring electrodes and prevent abnormal heat
generation at the distal metal portion 5. “Electrically insu-
lated” herein refers to a state in which the proximal end of the
metal wire 6 does not have any electrical connection includ-
ing grounding (earthing). Examples of the case where the
proximal end of the metal wire 6 is “electrically insulated”
include a state in which the proximal end of the metal wire 6
is not connected to or contacted with anything as shown in
FIG. 2. If not an electrical connection, contact of the proximal
end of the metal wire 6 with, for example, the electric poten-
tial-measuring apparatus connector 4 also provides the same
effect.

[0061] To prevent abnormal heat generation due to concen-
tration of high-frequency current at the metal wire 6, the
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length of the metal wire 6 is preferably 300 mm or more and
more preferably 500 mm or more.

[0062] The catheter for measuring electric potential
according to the second example is characterized by compris-
ing a metallic shaft having electric potential-measuring elec-
trodes and a lumen extending in the longitudinal direction.
[0063] The catheter for measuring electric potential
according to the second example is able to provide the same
effect as that of the catheter for measuring electric potential
according to the first example having the distal metal portion
5by using an entirely metallic shaft. Examples of the material
of the metallic shaft of the catheter for measuring electric
potential according to the second example include highly
conductive metals such as copper, silver, gold, platinum,
tungsten, and alloy. In the catheter for measuring electric
potential according to the second example, to improve the
accuracy of the measurement of electric potential of cardiac
muscle tissue, it is preferred that a low-conductive material
such as a fluororesin, a polyamide resin, a polyurethane resin,
or a polyimide resin be arranged between the electric poten-
tial-measuring electrodes and the shaft, i.e., that the electric
potential-measuring electrodes and the shaft be electrically
insulated.

[0064] The metallic shaft of the catheter for measuring
electric potential according to the second example is prefer-
ably one obtained by forming a metal wire into a coil shape to
ensure pliability. The “coil shape” herein refers to a state in
which a metal wire is spirally wound into a cylindrical shape.
The metallic shaft of the catheter for measuring electric
potential according to the second example is preferably elec-
trically insulated.

[0065] The diameter of a metal wire that forms the metallic
shaft of the catheter for measuring electric potential accord-
ing to the second example is preferably 0.1 to 0.3 mm and
more preferably 0.2 to 0.3 mm.

[0066] The number, material, attachment position, and the
like of the electric potential-measuring electrodes of the cath-
eter for measuring electric potential according to the second
example are preferably the same as those of the catheter for
measuring electric potential 1 according to the first example.
[0067] FIG. 3 is a schematic view of a balloon-tip ablation
catheter system in which the catheter for measuring electric
potential according to the first example is inserted through a
lumen of a balloon-tip ablation catheter.

[0068] The balloon-tip ablation catheter system shown in
FIG. 3 is composed broadly of the catheter for measuring
electric potential according to the first example, and a bal-
loon-tip ablation catheter 8 and a high-frequency power gen-
erator 15.

[0069] The balloon-tip ablation catheter 8 comprises at its
distal side a balloon 9 that is inflatable and shrinkable, and
further comprises a double cylinder type shaft, wherein an
inner tubular body 13 is inserted into a lumen of an outer
tubular body 12, and the inner tubular body 13 is able to slide
in the longitudinal direction. The distal end of the balloon 9 is
fixed near the distal end in the longitudinal direction of the
inner tubular body 13, and the proximal end of the balloon 9
is fixed near the distal end in the longitudinal direction of the
outer tubular body 12. A high-frequency current distributing
electrode 10 and a temperature sensor 11 are arranged inside
the balloon 9.

[0070] The shape of the balloon 9 may be any shape as long
as it fits blood vessel, and examples of such shapes include
globular shape or onion shape with a diameter 0f20to 40 mm.
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The film thickness of the balloon 9 is preferably 20 to 150 pum
and more preferably 20 to 120 um.

[0071] As a material of the balloon 9, stretchable materials
having excellent antithrombogenicity are preferred, and poly-
urethane polymeric materials are more preferred. Examples
of polyurethane polymeric materials include thermoplastic
polyether urethane, polyether polyurethane urea, fluorine
polyether urethane urea, polyether polyurethane urea resins,
and polyether polyurethane urea amide.

[0072] Thelength of the outer tubular body 12 and the inner
tubular body 13 is preferably 500 to 1700 mm and more
preferably 600 to 1200 mm. For the outer diameter of the
outer tubular body 12 and the inner tubular body 13, because
of the use with the catheter for measuring electric potential
being inserted through the lumen of the balloon-tip ablation
catheter, the inner diameter of the inner tubular body 13 is
preferably not less than 1.0 mm and more preferably not less
than 1.2 mm. As a material of the outer tubular body 12 and
the inner tubular body 13, flexible materials having excellent
antithrombogenicity are preferred, and examples thereof
include fluororesins, polyamide resins, polyurethane resins,
polyimide resins, and the like.

[0073] As a method for fixing the balloon 9 to each of the
outer tubular body 12 and the inner tubular body 13, welding
is preferred. Alternatively, the ends of the balloon 9 may be
fixed to only either of the outer tubular body 12 or the inner
tubular body 13.

[0074] The high-frequency current distributing electrode
10 is fixed to the inner tubular body 13, and examples of the
fixation method include caulking, adhesives, welding, and
heat-shrinkable tubing.

[0075] Theshape ofthe high-frequency current distributing
electrode 10 is preferably a coil shape. The diameter of an
electric wire that forms the coil-shaped high-frequency cur-
rent distributing electrode 10 and a high-frequency power
supply lead is preferably 0.1 to 1 mm and more preferably 0.2
to 0.5 mm. As a material thereof, a highly conductive metal is
preferred, and examples thereof include copper, silver, gold,
platinum, tungsten, and alloy. Further, to prevent a short cir-
cuit, the portions other than coil-shaped portions of the elec-
tric wire and the high-frequency power supply lead is more
preferably coated with an electrically insulating protective
covering such as a fluororesin.

[0076] The high-frequency power supply lead is connected
to the high-frequency power generator 15 via a high-fre-
quency power generator connector 14 to distribute high-fre-
quency current to the high-frequency current distributing
electrode 10.

[0077] Examples of the temperature sensor 11 fixed to the
inner tubular body 13 include a thermocouple and a resistance
thermometer.

[0078] A temperature sensor lead connected to the tem-
perature sensor 11 is connected to the high-frequency power
generator 15 via the high-frequency power generator connec-
tor 14 to transfer temperature signals measured with the tem-
perature sensor 11 to the high-frequency power generator 15.
[0079] The diameter of the temperature sensor lead is pref-
erably 0.05 to 0.5 mm. As a material of the temperature sensor
lead, when the temperature sensor 11 is a thermocouple, the
same material as that of the thermocouple is preferred, and
example thereof in the case of a T-type thermocouple include
copper and constantan. On the other hand, when the tempera-
ture sensor 11 is a resistance thermometer, a highly conduc-
tive metal such as copper, silver, gold, platinum, tungsten, or
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alloy is preferred. Further, to prevent a short circuit, it is more
preferable to be coated with an electrically insulating protec-
tive covering such as a fluororesin.

[0080] As described above, the high-frequency power gen-
erator 15 is connected to the high-frequency current distrib-
uting electrode 10 through the high-frequency power supply
lead and to the temperature sensor 11 through the temperature
sensor lead and the high-frequency power generator connec-
tor 14, and further connected to a return electrode 18 through
a return electrode lead 19.

[0081] The balloon is heated by distribution of high-fre-
quency current between the high-frequency current distribut-
ing electrode 10 and the return electrode 18 attached to a
patient’s body surface with the high-frequency power gen-
erator 15.

[0082] The catheter for measuring electric potential is
inserted through a lumen of the inner tubular body 13 of the
balloon-tip ablation catheter 8.

EXAMPLES

[0083] Specific examples of the catheter for measuring
electric potential will now be described referring to the Draw-
ings. It should be understood that “length” as used herein
represents the length in the longitudinal direction.

Example 1

[0084] A medical tubing apparatus was used to prepare a
polyurethane tube with an outer diameter of 1.2 mm, an inner
diameter of 0.9 mm, and a length of 1200 mm. Starting from
the position 50 mm from the distal end of the polyurethane
tube, eight holes with a diameter of 1 mm for the passage of
electric potential-measuring electrode leads were made at
5-mm intervals to produce a shaft 3 of a catheter for measur-
ing electric potential.

[0085] Using a silver-plated copper pipe with an outer
diameter of 1.2 mm and a length of 1 mm as an electric
potential-measuring electrode 2 and copper wires with a
diameter of 0.1 mm as electric potential-measuring electrode
leads 7, the electric potential-measuring electrodes 2 and the
electric potential-measuring electrode leads 7 were joined
with solder. The electric potential-measuring electrode leads
7 were coated with an electrically insulating protective cov-
ering of fluororesin. Eight parts connecting the electric poten-
tial-measuring electrodes 2 to the electric potential-measur-
ing electrode leads 7 were produced.

[0086] The electric potential-measuring electrode leads 7
of the parts described above were each inserted into eight
holes in the shaft 3, and the electric potential-measuring
electrodes 2 and the holes were fixed by caulking.

[0087] In the region where eight electric potential-measur-
ing electrodes 2 are attached in a row, shape-memory alloy
wires with a diameter of 1 mm and a length of 80 mm were
fixed inside the lumen of the shaft 3 to form the region
described above into a loop shape.

[0088] Using a stainless wire with an outer diameter of 1.2
mm and a length of 10 mm as a distal metal portion 5, a metal
wire 6 with an outer diameter of 0.4 mm and a length of 900
mm was connected thereto by soldering.

[0089] The metal wire 6 was inserted from the distal side of
the shaft 3, and the proximal end of the distal metal portion 5
and the distal end of the shaft 3 were joined by fixation with
an adhesive. The metal wire 6 inserted into the shaft 3 was not



US 2013/0079614 A1

connected to the electric potential-measuring apparatus con-
nector 4 to be electrically insulated at the proximal side in the
shaft 3.

[0090] Each of the electric potential-measuring electrode
leads 7 was taken out from the proximal end of the shaft 3, and
all of them were connected to the electric potential-measuring
apparatus connector 4, after which the proximal end of the
shaft 3 and the electric potential-measuring apparatus con-
nector 4 were fixed with an adhesive and a heat-shrinkable
tube to prepare a catheter for measuring electric potential
(hereinafter referred to as “the catheter for measuring electric
potential of Example 17).

Example 2

[0091] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 9 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
27).

Example 3

[0092] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 8 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
37).

Example 4

[0093] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 7 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
47).

Example 5

[0094] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 6 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
57).

Example 6

[0095] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 5 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
6”).

Example 7

[0096] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 4 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
7).
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Example 8

[0097] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 3 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Example
8.

Example 9

[0098] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 2 mm as the distal metal portion 5 (hereinafter referred to

as “the catheter for measuring electric potential of Example
9”)‘

Comparative Example 1

[0099] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except using a
stainless wire with an outer diameter of 1.2 mm and a length
of 1 mm as the distal metal portion 5 (hereinafter referred to
as “the catheter for measuring electric potential of Compara-
tive Example 17).

Comparative Example 2

[0100] A catheter for measuring electric potential was pre-
pared in the same manner as in Example 1 except that the
distal metal portion 5 and the metal wire 6 were not attached
(hereinafter referred to as “the catheter for measuring electric
potential of Comparative Example 27). Preparation of bal-
loon-tip ablation catheter

[0101] A balloon-tip ablation catheter 8 through the lumen
of which the catheter for measuring electric potential is
inserted was prepared by the following procedure.

[0102] First, a glass balloon mold having a mold surface
corresponding to a desired balloon shape was immersed in a
polyurethane solution at a concentration of 13% by weight,
and a polyurethane balloon 9 with a diameter of 30 mm and a
thickness of 120 um was prepared by the dipping method in
which a solvent (dimethylacetamide) is evaporated by heat-
ing at 70° C. to form a urethane polymer coating on the mold
surface.

[0103] An outertubular body 12, which was a polyurethane
tube with an outer diameter of 4 mm, an inner diameter of 3
mm, and a total length of 1000 mm, was provided at its
proximal end with a luer lock 16, and insertion-fitted and
adhesively fixed to a Y-shaped connector 17.

[0104] Starting from the position 20 mm from the distal end
of an inner tubular body 13, which is a polyurethane tube with
an outer diameter of 1.8 mm, an inner diameter of 1.4 mm,
and a total length of 1100 mm, a high-frequency power supply
lead with a diameter of 0.5 mm the electrically insulating
protective covering of which was partially peeled off was
directly wound around the inner tubular body 13 to form a
10-mm-long coil shape, which was used as a high-frequency
current distributing electrode 10.

[0105] Using an ultrathin thermocouple copper wire coated
with an electrically insulating protective covering as one tem-
perature sensor lead and an ultrathin thermocouple constan-
tan wire coated with an electrically insulating protective cov-
ering as the other temperature sensor lead, the tips of the
temperature sensor leads were joined with solder, and the
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joining point was defined as a temperature sensor 11. The
temperature sensor 11 was arranged at the position 1 mm
from the proximal end of the high-frequency current distrib-
uting electrode 10.

[0106] The inner tubular body 13 to which the high-fre-
quency current distributing electrode 10 and the temperature
sensor 11 were fixed was inserted from the proximal side of
the Y-shaped connector 17 into the outer tubular body 12, and
the inner tubular body 13 and the outer tubular body 12 were
fixed at the proximal side.

[0107] Thehigh-frequency current distributing lead and the
temperature sensor lead were connected to the high-fre-
quency power generator connector 14 through the space
between the outer tubular body 12 and the inner tubular body
13 and through the Y-shaped connector 17, and further the
Y-shaped connector 17 was connected to the high-frequency
power generator connector 14.

[0108] Finally, the distal end of the balloon 9 was heat-
welded to the outer periphery 10 mm from the distal end of the
inner tubular body 13, and the proximal end of the balloon 9
was heat-welded to the outer periphery near the distal end of
the outer tubular body 12, respectively, thereby completing
the balloon-tip ablation catheter 8.

Construction of Balloon-Rip Ablation Catheter System

[0109] The catheters for measuring electric potential of
Examples 1 to 9 and Comparative Examples 1 and 2 prepared
were each inserted from the proximal end of the inner tubular
body 13 of the balloon-tip ablation catheter 8 through its
lumen, and the electric potential-measuring electrodes 2 was
exposed near the distal end of the balloon 9 to construct a
balloon-tip ablation catheter system for each catheter for
measuring electric potential.

Temperature Measurement of Electric Potential-Measuring
Electrodes and Metal Portion

[0110] FIG. 4 illustrates a test system for measuring the
temperature of electric potential-measuring electrodes and a
distal metal portion.

[0111] The balloon 9 of the balloon-tip ablation catheter
system was inflated with physiological saline such that the
greatest dimension was 30 mm and immersed in a water tank
filled with physiological saline. Further, the return electrode
18 for distributing high-frequency current was immersed in
the same water tank, and then the high-frequency power
generator connector 14 and the return electrode lead 19 were
connected to the high-frequency power generator.

[0112] High-frequency current (frequency: 1.8 MHz,
maximum electric power: 150 W, preset temperature: 70° C.)
was distributed between the return electrode and the high-
frequency current distributing electrode to heat the balloon,
and an electric potential-measuring electrode temperature
and a distal metal portion temperature were each measured
with a T-type thermocouple 20 connected to a temperature
data logger 21. The temperature measurements were contin-
ued for 5 minutes from the start of the distribution of high-
frequency current, and the maximum temperature of each was
taken as the electric potential-measuring electrode tempera-
ture and the distal metal portion temperature.

Temperature Measurement Results of Electric Potential-
Measuring electrodes and Distal Metal Portion

[0113] Table 1 shows the measurement results of the elec-
tric potential-measuring electrode temperature and the distal
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metal portion temperature of each balloon-tip ablation cath-
eter system through which the catheter for measuring electric
potential of Examples 1 to 9 or Comparative Example 1 or 2
was inserted.

TABLE 1
Catheter for Distal Metal  Electric Potential- Distal Metal
measuring Portion  Measuring Electrode Portion

electric potential Length [mm] Temperature [° C.] Temperature [° C.]

Example 1 10 385 41.5
Example 2 9 38.2 435
Example 3 8 385 43.9
Example 4 7 38.0 44.1
Example 5 6 389 43.4
Example 6 5 39.8 44.9
Example 7 4 403 50.1
Example 8 3 40.1 51.4
Example 9 2 42.8 54.9
Comparative — 65.7 —
Example 1

Comparative 1 48.5 76.7
Example 2

[0114] The catheter for measuring electric potential of

Comparative Example 2 which does not have a distal metal
portion had an electric potential-measuring electrode tem-
perature of 65.7° C., exceeding 65° C. which is a temperature
causing pulmonary vein stenosis.

[0115] On the other hand, although the catheters for mea-
suring electric potential of Examples 1 to 9 and Comparative
Example 1 which have a distal metal portion caused no abnor-
mal heat generation exceeding 65° C. at electric potential-
measuring electrodes, the catheter for measuring electric
potential of Comparative Example 1 caused abnormal heat
generation (76.7° C.) at a distal metal portion.

[0116] From the results in Table 1, it is apparent that the
catheters for measuring electric potential of Examples 1 to 9
which have a distal metal portion length of 2 mm or more did
not cause an abnormal heat generation at electric potential-
measuring electrodes or at a distal metal portion, and that, in
particular, the catheters for measuring electric potential of
Bxamples 1 to 6 which have a distal metal portion length of 5
mm or more can reduce the heat generation at electric poten-
tial-measuring electrodes and a distal metal portion to 50° C.
or lower. These results are presumably because the high-
frequency current density on a distal metal portion surface
can be reduced to a low level by ensuring the distal metal
portion length of 2 mm.

INDUSTRIAL APPLICABILITY

[0117] Our catheters can be used in the medical field to
measure electric potential that can be used in combination
with a balloon-tip ablation catheter.

1. A catheter that measures electric potential comprising:

a shaft having electric potential-measuring electrodes, a
metal portion with a length of 2 mm or more, and a
lumen passing therethrough from a proximal end to a
distal end in a longitudinal direction; and

a metal wire inserted through said lumen and connected to
said metal portion.

2. The catheter according to claim 1,

wherein said electric potential-measuring electrodes are
attached at a distal side in the longitudinal direction of
said shaft, and
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said metal portion is located distally relative to a position of
said electric potential-measuring electrodes in the lon-
gitudinal direction of said shaft.

3. The catheter according to claim 1, wherein said metal
portion has a length of 2 to 50 mm.

4. The catheter according to claim 1, wherein said metal
wire is electrically insulated.

5. A catheter that measures electric potential comprising a
metallic shaft having electric potential-measuring electrodes
and a lumen extending in a longitudinal direction.

6. The catheter according to claim 5, wherein said metallic
shaft is obtained by forming a metal wire into a coil shape.

7. The catheter according to claim 5, wherein said metallic
shaft is electrically insulated.

8. A balloon-tip ablation catheter system comprising:

the catheter according to claim 1;

aballoon-tip ablation catheter comprising a lumen passing

therethrough from a proximal end to a distal end in the
longitudinal direction,

wherein said catheter for measuring electric potential is

inserted through the lumen of said balloon-tip ablation
catheter.

9. The catheter according to claim 2, wherein said metal
portion has a length of 2 to 50 mm.

10. The catheter according to claim 6, wherein said metal-
lic shaft is electrically insulated.
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11. A balloon-tip ablation catheter system comprising;

the catheter according to claim 5; and

a balloon-tip ablation catheter comprising a lumen passing
therethrough from a proximal end to a distal end in the
longitudinal direction,

wherein said catheter for measuring electric potential is
inserted through the lumen of said balloon-tip ablation
catheter.

12. A balloon-tip ablation catheter system comprising:

the catheter according to claim 6; and

aballoon-tip ablation catheter comprising a lumen passing
therethrough from a proximal end to a distal end in the
longitudinal direction,

wherein said catheter for measuring electric potential is
inserted through the lumen of said balloon-tip ablation
catheter.

13. A balloon-tip ablation catheter system comprising:

the catheter according to claim 7; and

aballoon-tip ablation catheter comprising a lumen passing
therethrough from a proximal end to a distal end in the
longitudinal direction,

wherein said catheter for measuring electric potential is
inserted through the lumen of said balloon-tip ablation
catheter.
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