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7) ABSTRACT

A deformable high-density and precision balloon cardiac
mapping catheter includes a catheter, an electrode head
mounted at one end of the catheter, and a handle mounted at
the other end of the catheter. A head electrode pair, a middle
expansion body and a rear expansion body are sequentially
disposed on the electrode head from left to right. A liquid
storage apparatus is disposed on a surface of the handle. The
liquid storage apparatus includes a reservoir tube. A liquid
outlet is disposed at one end of the reservoir tube.
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DEFORMABLE HIGH-DENSITY AND
PRECISION BALLOON CARDIAC MAPPING
CATHETER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
China application serial no. 2018113265244, filed on Nov.
8, 2018. The entirety of the above-mentioned patent appli-
cation is hereby incorporated by reference herein and made
a part of this specification.

BACKGROUND

Technical Field

[0002] The present invention relates to the field of medical
device technologies, and specifically, to a deformable high-
density and precision balloon cardiac mapping catheter.

Description of Related Art

[0003] A cardiac mapping catheter is used to construct a
three-dimensional (3D) electroanatomical model of a car-
diac chamber. For various types of cardiac arrhythmias,
especially complicated cardiac arrhythmias, it is vital to
learn about the electrical conduction information and ana-
tomical information at various locations in the cardiac
chamber to understand the mechanism of the cardiac
arrhythmias. For example, the electroanatomical model of
the left atrium needs to be constructed during pulmonary
vein isolation for treating atrial fibrillation. If the precise
electroanatomical model of the pulmonary vein antrum can
be constructed to learn about the orientations and lengths of
the muscle bundle of the pulmonary veins, the efficiency of
the pulmonary vein isolation can be improved.

[0004] At present, contact mapping catheters for cardiac
chamber mapping mainly include 4 to 10-pole linear map-
ping catheters, 10 to 12-pole circular mapping catheters, a
16-pole grid mapping catheter, and a 64-pole basket map-
ping catheter. These catheters have a limited quantity of
electrodes in contact with the cardiac chamber and are
sometimes susceptible to poor contact or even push the heart
to produce imprecise cardiac electrical information and
anatomical positioning, and as a result the established 3D
cardiac chamber model is inaccurate. In view of this, we
propose a deformable high-density and precision balloon
cardiac mapping catheter.

SUMMARY

[0005] The objective of the present invention is to provide
a deformable high-density and precision balloon cardiac
mapping catheter, to resolve the problems in the background
art that the mapping catheters have a limited quantity of
electrodes in contact with the heart and are sometimes
susceptible to poor contact.

[0006] To achieve the foregoing objective, the present
invention provides the following technical solution:

[0007] A deformable high-density and precision balloon
cardiac mapping catheter includes a catheter, an electrode
head mounted at one end of the catheter, and a handle
mounted at the other end of the catheter, where a tail wire
interface is disposed at a bottom of the handle, a head
electrode pair, a middle expansion body and a rear expansion
body are sequentially disposed on the electrode head from
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left to right, a plurality of first electrode pairs are disposed
on a side, near the middle expansion body and the rear
expansion body of the electrode head, a magnetic sensor is
disposed at a center of a surface of the head electrode pair,
and a plurality of second electrode pairs are annularly
arrayed on an outer side of the magnetic sensor.

[0008] Preferably, each of the first electrode pairs and the
second electrode pairs is formed by two microelectrodes,
and each microelectrode is connected to a side of the tail
wire interface by a wire.

[0009] Preferably, the head electrode pair and the middle
expansion body have an integral structure.

[0010] Preferably, the electrode head has a hollow struc-
ture, and the electrode head is in communication with the
catheter.

[0011] Preferably, a liquid storage apparatus is disposed
on a surface of the handle, the liquid storage apparatus
includes a reservoir tube, a liquid outlet is disposed at one
end of the reservoir tube, a sealed tube inserted in the
reservoir tube is disposed at an end of the liquid outlet, a
push rod is disposed at the other end of the reservoir tube,
a plug plate slidably connected to the reservoir tube is
disposed at one end of the push rod, and a push plate is
mounted at the other end of the push rod.

[0012] Preferably, the push plate and the push rod have an
integral structure.

[0013] Compared with the prior art, the beneficial effects
of the present invention are as follows.

[0014] 1. In the deformable high-density and precision
balloon cardiac mapping catheter, the liquid storage appa-
ratus is disposed to inject a liquid into the electrode head,
and the head electrode pair and the middle expansion body
are expanded to enable the electrode head to form a rod
shape, a conical shape or a spherical shape. These shapes
have adjustable lengths and diameters. Rod-shaped and
conical-shaped parts may enter the positions such as the
coronary veins, the superior and inferior venae cavae, the
pulmonary veins, and the left and right ventricular outflow
tracts, to perform fast and precise electroanatomical map-
ping of these locations.

[0015] 2. In the deformable high-density and precision
balloon cardiac mapping catheter, the rod-shaped and coni-
cal-shaped part of the electrode head are bendable to form an
arc shape, and a catheter connected to the electrode head is
bidirectionally bendable, so that the electrode head can
move inside the cardiac chamber and stick to the endocar-
dium, to implement electroanatomical mapping of the car-
diac chamber.

[0016] 3. In the deformable high-density and precision
balloon cardiac mapping catheter, the head of the catheter is
a balloon filled with a gas or liquid and does not push the
heart to deform the cardiac chamber. The surface of the head
is filled with electrodes, and the head may perfectly stick to
various positions of the heart, thereby facilitating fast and
high-density and precision electroanatomical mapping of the
cardiac chamber.

[0017] To make the aforementioned more comprehensible,
several embodiments accompanied with drawings are
described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings are included to pro-
vide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification.
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The drawings illustrate exemplary embodiments of the dis-
closure and, together with the description, serve to explain
the principles of the disclosure.

[0019] FIG. 1 is a schematic diagram when a balloon
electrode head is not expanded according to the present
invention;

[0020] FIG. 2 is a schematic diagram when the balloon
electrode head is partially expanded according to the present
invention;

[0021] FIG. 3 is a schematic structural diagram of an
electrode head according to the present invention;

[0022] FIG. 4 is a schematic structural diagram of a head
electrode pair according to the present invention;

[0023] FIG. 5 is a schematic structural exploded diagram
of a liquid storage apparatus according to the present inven-
tion;

[0024] FIG. 6 is a schematic structural diagram of an
electrode head according to specific Embodiment 4 of the
present invention; and

[0025] FIG. 7 is a schematic structural diagram of an
electrode head according to specific Embodiment 5 of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

[0026] The technical solutions according to the embodi-
ments of the present invention are clearly and thoroughly
described with reference to the accompanying drawings in
the embodiments of the present invention. The described
embodiments are merely exemplary ones, but are not all the
embodiments of the present invention. Based on the embodi-
ments of the present invention, all other embodiments
derived by persons of ordinary skill in the art without any
creative efforts shall fall within the protection scope of the
present invention.

[0027] In the description of the present invention, it needs
to be understood that orientation or location relationships
indicated by terms “center”, “longitudinal”, “transverse”,
“length”, “width”, “thickness”, “up”, “down”, “front”,
“rear”, “left”, “right”, “vertical”, “horizontal”, “top”, “bot-
tom”, “inside”, “outside”, “clockwise”, and “counterclock-
wise” are based on orientation or location relationships
shown in the accompanying drawings, and are only used to
facilitate description of the present invention and simplify
description, but are not used to indicate or imply that the
devices or elements must have specific orientations or are
constructed and operated by using specific orientations, and
therefore, cannot be understood as a limitation to the present
invention.

[0028] In addition, the terms “first” and “second” are only
used for description, but cannot be used to indicate or imply
relative importance or implicitly specify the number of
indicated technical features. Therefore, one or more features
may be explicitly or implicitly included when such features
are defined by “first” and “second”. In the description of the
present invention, “a plurality of” means two or more than
two, unless otherwise explicitly or particularly defined.

Embodiment 1

[0029] As shown in FIG. 1 to FIG. 4, a deformable
high-density and precision balloon cardiac mapping catheter
includes a catheter 1, an electrode head 2 mounted at one end
of the catheter 1, and a handle 3 mounted at the other end of
the catheter 1. A tail wire interface 31 is disposed at a bottom
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of the handle 3. A head electrode pair 21, a middle expansion
body 22 and a rear expansion body 23 are sequentially
disposed on the electrode head 2 from left to right. A
plurality of first electrode pairs 24 are disposed on a side,
near the middle expansion body 22 and the rear expansion
body 23 of the electrode head 2. A magnetic sensor 26 is
disposed at a center of a surface of the head electrode pair
21. A plurality of second electrode pairs 25 are annularly
arrayed on an outer side of the magnetic sensor 26. Each of
the first electrode pairs 24 and the second electrode pairs 25
is formed by two microelectrodes. Each microelectrode is
connected to a side of the tail wire interface 31 by a wire.
The head electrode pair 21 and the middle expansion body
22 have an integral structure. The electrode head 2 has a
hollow structure. The electrode head 2 is in communication
with the catheter 1.

[0030] In this embodiment, two electrodes are bonded by
insulating rubber to form one electrode pair, and two adja-
cent electrode pairs are bonded and fixed by elastic rubber,
so that when the electrode head is expanded, the gap
between electrodes is kept unchanged, and the gap between
electrode pairs can change.

[0031] Specifically, the head electrode pair 21, the middle
expansion body 22, and the rear expansion body 23 are all
made of an elastic rubber material. A thickness of the head
electrode pair 21 is greater than that of the middle expansion
body 22, and a thickness of the middle expansion body 22
is greater than that of the rear expansion body 23. The
deformation effects of the head electrode pair 21, the middle
expansion body 22 and the rear expansion body 23 are
controlled by using the different thicknesses of the head
electrode pair 21, the middle expansion body 22, and the rear
expansion body 23.

[0032] In addition, the catheter 1 is a PP foldable tube, so
that the catheter 1 may be folded bidirectionally, thereby
facilitating the use of the catheter 1.

[0033] In addition, the catheter 1 and the electrode head 2
are bonded and fixed by a glue, so that the electrode head is
conveniently mounted on a surface of the catheter 1.

[0034] It should be noted that the magnetic sensor 26 is a
magnetic coil. A magnetic field generator is disposed outside
the magpetic sensor 26. The magnetic field generator emits
a plurality of magnetic fields, so that each magnetic field can
generate an induced current in the magnetic sensor 26.

[0035] In this embodiment, 81 electrodes are arranged
outside the middle expansion body 22 and the rear expan-
sion body 23.

Embodiment 2

[0036] As shown in FIG. 5, a liquid storage apparatus 4 is
disposed on a surface of the handle 3. The liquid storage
apparatus 4 includes a reservoir tube 41. A liquid outlet 42
1s disposed at one end of the reservoir tube 41. A sealed tube
43 inserted in the reservoir tube 41 is disposed at an end of
the liquid outlet 42. A push rod 44 is disposed at the other
end of the reservoir tube 41. A plug plate 45 slidably
connected to the reservoir tube 41 is disposed at one end of
the push rod 44. A push plate 46 is mounted at the other end
of the push rod 44. The push plate 46 and the push rod 44
have an integral structure.

[0037] In this embodiment, the liquid outlet 42 penetrates
the surface of the handle 3 and is connected by a sealant to
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a connection between the liquid outlet 42 and the handle 3,
to facilitate the entry of a liquid from the liquid outlet 42 into
the handle 3.

[0038] Specifically, an annular sealing ring should further
be disposed at one end of the sealed tube 43, so that the
sealed tube 43 and the reservoir tube 41 are tightly con-
nected.

[0039] In addition, the plug plate 45 is made of a rubber
material, so that the plug plate 45 tightly fits the inner wall
of the reservoir tube 41 and the plug plate 45 is used to push
the liquid from inside the reservoir tube 41.

Embodiment 3

[0040] The rear expansion body 23 of the electrode head
2 is pushed into the catheter 1, and the push plate 46 is
pressed to enable the push rod 44 to slide inside the reservoir
tube 41, so that some liquid inside the reservoir tube 41 is
pressed into the catheter 1 and enters the electrode head 2.
In this case, the rear expansion body 23 is located inside the
catheter 1 and cannot be expanded. The middle expansion
body 22 is pressed by the liquid and expanded to form the
shape shown in FIG. 2. In this case, the catheter 1 is inserted
into the heart, and the electrode head 2 is bent. The electrode
head 2 is rotated to enable the first electrode pairs 24 and the
second electrode pairs 25 to be in full contact with the wall
of the heart and at the same time enter the positions such as
the pulmonary veins, the superior vena cava, and the ven-
tricular outflow tracts to rapidly establish accurate models of
the positions.

Embodiment 4

[0041] The electrode head 2 is completely located outside
the catheter 1, and the push plate 46 is pressed to enable the
push rod 44 to slide inside the reservoir tube 41. Some liquid
inside the reservoir tube 41 is pressed into the catheter 1 and
enters the electrode head 2, and the rear expansion body 23
is expanded incompletely. In this case, because the thickness
of the middle expansion body 22 is greater than that of the
rear expansion body 23, the expansion effect of the middle
expansion body 22 is weaker than the rear expansion body
23, to form the shape in FIG. 6.

Embodiment 5

[0042] The electrode head 2 is completely located outside
the catheter 1, and the push plate 46 is pressed to enable the
push rod 44 to slide inside the reservoir tube 41. All the
liquid inside the reservoir tube 41 is pressed into the catheter
1 and enters the electrode head 2, and the middle expansion
body 22 and the rear expansion body 23 are completely
expanded, to form the shape in FIG. 7.

[0043] In the foregoing embodiments, the liquid storage
apparatus 4 is disposed to inject a liquid into the electrode
head 2, and the head electrode pair 21, the middle expansion
body 22, and the rear expansion body 23 are expanded to
change the overall shape of the electrode head 2 and achieve
perfect fit at various positions of the heart without pushing
the heart and without needing to repeatedly steer in the
cardiac chamber, thereby facilitating high-density and pre-
cision mapping.

[0044] The wall thicknesses of the middle expansion body
22 and the rear expansion body 23 gradually change. During
actual manufacturing, a small gap may be opened first, and
after an electrode pair is then inserted, the head electrode
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pair 21 and the middle expansion body 22 are sealed. An
electrode wire runs inside the middle expansion body 22 to
be connected to a signal acquisition end.

[0045] A balloon may be filled with either a gas or liquid.
An apparatus for controlling filling and releasing is not
protected by the patent and may be implemented by using
the prior art. The size of the balloon may be better controlled
by filling or releasing a liquid, because a gas can be
compressed. However, both the filling of a gas and the filling
of a liquid should be protected. A reservoir tank may be
manually operated to control the size of a balloon. The
volume of the reservoir tank may be 30 milliliters to 50
milliliters and does not need to be too large. However, a
valve needs to be used in combination to prevent liquid
backflow.

[0046] The basic principles and main features of the
present invention and the advantages of the present inven-
tion are shown and described above. A person skilled in the
art should understand that the present invention is not
limited to the foregoing embodiments. Only preferred
examples of the present invention are described in the
foregoing embodiments and specification, but are not used
to limit the present invention. Various changes and improve-
ments may be made to the present invention without depart-
ing from the spirit and scope of the present invention. These
changes and improvements all fall within the protection
scope of the present invention. The protection scope of the
present invention is defined by the appended claims and
equivalents thereof.

What is claimed is:

1. A deformable high-density and precision balloon car-
diac mapping catheter, comprising a catheter, an electrode
head mounted at one end of the catheter, and a handle
mounted at the other end of the catheter, wherein a tail wire
interface is disposed at a bottom of the handle, a head
electrode pair, a middle expansion body and a rear expansion
body are sequentially disposed on the electrode head from
left to right, a plurality of first electrode pairs are disposed
on a side, near the middle expansion body and the rear
expansion body of the electrode head, a magnetic sensor is
disposed at a center of a surface of the head electrode pair,
and a plurality of second electrode pairs are annularly
arrayed on an outer side of the magnetic sensor.

2. The deformable high-density and precision balloon
cardiac mapping catheter according to claim 1, wherein each
of the first electrode pairs and the second electrode pairs is
formed by two microelectrodes, and each microelectrode is
connected to a side of the tail wire interface by a wire.

3. The deformable high-density and precision balloon
cardiac mapping catheter according to claim 1, wherein the
head electrode pair and the middle expansion body have an
integral structure.

4. The deformable high-density and precision balloon
cardiac mapping catheter according to claim 1, wherein the
electrode head has a hollow structure, and the electrode head
is in communication with the catheter.

5. The deformable high-density and precision balloon
cardiac mapping catheter according to claim 1, wherein a
liquid storage apparatus is disposed on a surface of the
handle, the liquid storage apparatus comprises a reservoir
tube, a liquid outlet is disposed at one end of the reservoir
tube, a sealed tube inserted in the reservoir tube is disposed
at an end of the liquid outlet, a push rod is disposed at the
other end of the reservoir tube, a plug plate slidably con-
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nected to the reservoir tube is disposed at one end of the push
rod, and a push plate is mounted at the other end of the push
rod.

6. The deformable high-density and precision balloon
cardiac mapping catheter according to claim 5, wherein the
push plate and the push rod have an integral structure.

# % % k&



THMBW(EF)

[ i (S RIR) A ()

FRI&RBHA

KRN

IPCH %5
CPCH %5
11 AR
HhEREESE

BEG®)

—MAUEENESRENR

Ll
Ut o

US20200146578A1

US16/671167

ZoamARER

DANG SHIPENG
WANG RUXING
ZHANG CHANGYING
LI KULIN

ZHENG JIE

LIU XIAOYU

DANG, SHIPENG
WANG, RUXING
ZHANG, CHANGYING
LI, KULIN

ZHENG, JIE

LIU, XIAOYU

A61B5/042 A61B5/00 A61M25/10

patsnap

AFF ()R 2020-05-14

RiEHR 2019-11-01

A61B5/0422 A61M25/10182 A61B2562/028 A61B5/6853 A61B5/062 A61B5/6858 A61B2562/046

201811326524.4 2018-11-08 CN

Espacenet USPTO

ESBUOERNGE  SFSE  REEZS
EN—mNWBERANZEETZSENS RO FR. KBRX , hEy
BENET BENETARRFEERRL L, REFHRZHEETF
WERE L, REFHIZDEHRE.

REHORBEEFEFEN—



https://share-analytics.zhihuiya.com/view/2e7ca3fd-7e8f-4e2b-96fe-000189e133ed
https://worldwide.espacenet.com/patent/search/family/065344419/publication/US2020146578A1?q=US2020146578A1
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=%2220200146578%22.PGNR.&OS=DN/20200146578&RS=DN/20200146578

