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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] This invention relates to medical instruments
adapted for introduction into the body. More particularly
this invention relates to medical instruments having elec-
trodes for obtaining cardiac electrograms.

Description of the Related Art

[0002] Electrical activity at a point in the heart is typi-
cally measured by advancing a multiple-electrode cath-
eter to measure electrical activity at multiple points in the
heart chamber simultaneously. A record derived from
time varying electrical potentials as measured by one or
more electrodes is known as an electrogram. Electro-
grams may be measured by unipolar or bipolar leads,
and are used, e.g., to determine onset of electrical prop-
agation at a point, known as local activation time. Various
electrode designs are known for different purposes. In
particular, catheters having basket-shaped electrode ar-
rays are known and described, for example, in U.S. Pat.
No. 5,772,590.

[0003] Sensors in a cardiac chamber may detect far-
field electrical activity, i.e., the ambient electrical activity
originating away from the sensors, which can distort or
obscure local electrical activity, i.e., signals originating
at or near the sensor location. Commonly assigned U.S.
Patent Application Publication No. 2014/0005664 of
Govari et al., discloses distinguishing a local component
in an intracardiac electrode signal, due to the tissue with
which the electrode is in contact from a remote-field con-
tribution to the signal, and explains that a therapeutic
procedure applied to the tissue can be controlled respon-
sively to the distinguished local component.

[0004] Commonly assigned U.S. PatentNo. 6,748,255
to Fuimaono et al., describes a basket catheter for map-
ping the heart. The catheter comprises an elongated
catheter body and at least one lumen therethrough. A
basket-shaped electrode assembly is mounted at the dis-
tal end of the catheter body. The basket assembly com-
prises a plurality of splines connected at their proximal
and distal ends. Each spine comprises at least one elec-
trode. The basket assembly has an expanded arrange-
ment wherein the splines bow radially outwardly and a
collapsed arrangement wherein the splines are arranged
generally along the axis of the catheter body. The cath-
eter further comprises a distal location sensor mounted
at or near the distal end of the basket-shaped electrode
assembly and a proximal location sensor mounted at or
near the proximal end of the basket-shaped electrode
assembly. In use, the coordinates of the distal location
sensor relative to those of the proximal sensor can be
determined and taken together with known information
pertaining to the curvature of the splines of the basket-
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shaped mapping assembly to find the positions of the at
least one electrode of each spine.

[0005] US6014579A relates to an endocardial map-
ping catheter for introduction into a chamber of a heart
formed by a wall. The flexible elongate tubular member
has proximal and distal extremities and extends along a
longitudinal axis. A plurality of longitudinally-extending
spaced-apartmembers are carried by the distal extremity
of the flexible elongate tubular member and have proxi-
mal extremities and interconnected distal extremities.
Certain of the plurality of longitudinally-extending mem-
bers are arms of a basket-like assembly and are movable
between contracted positions and expanded positions in
which the arms bow outwardly from the longitudinal axis.
A plurality of longitudinally spaced-apart electrodes are
carried by each of the arms. Electrical conductors extend
through the flexible elongate tubular member and are
connected to the electrodes for performing electrical
functions with respect to the electrodes. At least one ad-
ditional electrode is slidably mounted on one of the lon-
gitudinally-extending member.

[0006] US6004269A relates to an acoustic imaging
system for use within a heart including a catheter, an
ultrasound device incorporated into the catheter, and an
electrode mounted on the catheter. The ultrasound de-
vice directs ultrasonic signals toward an internal structure
in the heart to create an ultrasonic image, and the elec-
trode is arranged for electrical contact with the internal
structure. A chemical ablation device mounted on the
catheter ablates at least a portion of the internal structure
by delivery of fluid to the internal structure. The ablation
device may include a material that vibrates in response
to electrical excitation, the ablation being at least assisted
by vibration of the material. The ablation device may al-
ternatively be atransducerincorporated into the catheter,
arranged to convert electrical signals into radiation and
to direct the radiation toward the internal structure. The
electrode may be a sonolucent structure incorporated
into the catheter.

SUMMARY OF THE INVENTION

[0007] The presentinventionis defined by claim 1. Fur-
ther details of specific embodiments can be found in the
dependent claims.

[0008] In the expanded form of a basket catheter, the
electrodes of the spline contact the surface of the heart
and acquire signals corresponding to electropotentials
generated at their points of contact with the surface. How-
ever, since the spline electrodes are in a conductive me-
dium (the blood), in addition to the electropotentials from
the point of contact the acquired signals also include po-
tential components from other regions of the heart. These
potential components are termed far-field components.
The basket catheter is provided with a contraction wire,
which is used to collapse the catheter from an expanded
basket shape into a contracted shape, in which its splines
are relatively close together.
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[0009] The far-field components constitute an interfer-
ing signal on the surface electropotentials. To counteract
the interference, embodiments of the present invention
position an electrode that senses far-field components,
termed herein a "far-field electrode", on the contraction
wire of the catheter.

[0010] In the expanded configuration of the catheter,
the far-field electrode is located on the contraction wire
so as to be approximately equidistant from all the spline
electrodes, and is prevented from contacting the surface
of the heart by the splines. The far-field electrode is phys-
ically removed from the endocardial surface, and thus
acquires a signal only from the far-field, and this signal
is subtracted from the signals acquired by the spline elec-
trodes so as to counteract the interference suffered by
these electrodes.

[0011] Thereis provided according to embodiments of
the invention an apparatus including a catheter having
an elongated catheter body, and a basket-shaped as-
sembly at the distal end of the catheter body. The basket-
shaped assembly has a plurality of splines connected at
its proximal extremity and its distal extremity, and a plu-
rality of spline electrodes disposed on the splines. The
basket-shaped assembly is configurable in an expanded
arrangement wherein the splines bow radially outwardly
and in a collapsed arrangement, wherein the splines are
arranged generally along the longi-tudinal axis of the
catheter body. A far-field electrode is disposed in the in-
terior of the expanded basket-shaped assembly.

[0012] In an aspect of the apparatus includes, the far-
field electrode is disposed on a longitudinal axis of sym-
metry of the basket-shaped assembly.

[0013] According to still another aspect of the appara-
tus, the far-field electrode is spaced apart from the spline
electrodes by at least 0.5 cm.

[0014] The apparatus includes a contraction wire for
retracting and expanding the basket-shaped assembly.
The contraction wire is attached to the distal extremity of
the basket-shaped assembly and forms a longitudinal
axis of symmetry thereof, and the far-field electrode is
disposed on the contraction wire.

[0015] According to yet another aspect of the appara-
tus, sets of the spline electrodes of respective splines
are equidistant from the proximal extremity of the basket-
shaped assembly, and the far-field electrode is equidis-
tantfrom corresponding members of the sets of the spline
electrodes.

[0016] According to the invention, the apparatus in-
cludes a distal electrode location sensor mounted at or
distal to the distal extremity of the basket-shaped assem-
bly, and a proximal electrode location sensor mounted
at or proximal to the proximal extremity of the basket-
shaped assembly, whereby, in use, coordinates of the
distal electrode location sensor relative to those of the
proximal electrode location sensor can be determined
and taken together with known information pertaining to
curvature of the splines of the basket-shaped assembly
to determine locations of each of the spline electrodes.
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[0017] According to an additional aspect of the appa-
ratus each of the splines has a non-conductive outer sur-
face on which one or more of the spline electrodes are
mounted, the spline electrodes including ring electrodes.
[0018] According to another aspect of the apparatus
wherein each of the splines includes an internal flexible
wire and a non-conductive coveting over the flexible wire
on which one or more of the spline electrodes are mount-
ed, the spline electrodes including ring electrodes.
[0019] According to one aspect of the apparatus, the
internal flexible wire includes nitinol.

[0020] According to a further aspect of the apparatus,
the basket-shaped assembly has between three and five
splines.

[0021] According to an additional aspect of the appa-
ratus, the far-field electrode is a ring electrode.

[0022] There is further provided according to embodi-
ments not part of the invention a method, which is carried
out by inserting a catheter into a heart of a subject. The
catheter has an elongated catheter body, and a basket-
shaped assembly at the distal end of the catheter body.
The basket-shaped assembly has a plurality of splines
connected at its proximal extremity and its distal extrem-
ity, and a plurality of spline electrodes disposed on the
splines. The basket-shaped assembly is configurable in
an expanded arrangement wherein the splines bow ra-
dially outwardly and in a collapsed arrangement, wherein
the splines are arranged generally along the longitudinal
axis of the catheter body. A far-field electrode is disposed
in the interior of the expanded basket-shaped assembly.
The method is further carried out by expanding the bas-
ket-shaped assembly to contact at least one of the spline
electrodes with a surface of the heart, thereafter receiving
an intracardiac electrogram with the at least one of the
spline electrodes and receiving a far-field electrogram
with the far-field electrode, wherein the intracardiac elec-
trogram has a near-field component and a far-field com-
ponent. The method is further carried out by removing
the far-field component from the intracardiac electrogram
while retaining the near-field component by applying the
far-field electrogram to the intracardiac electrogram to
generate a modified intracardiac electrogram, and re-
porting the modified intracardiac electrogram.

[0023] Accordingtoan aspect ofthe method, removing
the far-field component comprises subtracting the far-
field electrogram from the intracardiac electrogram.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0024] Forabetter understanding of the presentinven-
tion, reference is made to the detailed description of the
invention, by way of example, which is to be read in con-
junction with the following drawings, wherein like ele-
ments are given like reference numerals, and wherein:

Fig. 1 is a pictorial illustration of a system for per-
forming catheterization procedures on a heart, in ac-
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cordance with a disclosed embodiment of the inven-
tion;

Fig. 2 is a perspective view of a catheter according
to an embodiment of the invention;

Fig. 3 is a detailed schematic view of an electrode
assembly, in accordance with an embodiment of the
invention; and

Fig. 4 is a prospective graph of signals that may be
obtained using the arrangement shown in Fig. 3, in
accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the various principles of the presentinvention.
It will be apparent to one skilled in the art, however, that
not all these details are necessarily needed for practicing
the present invention. In this instance, well-known cir-
cuits, control logic, and the details of computer program
instructions for conventional algorithms and processes
have not been shown in detail in order not to obscure the
general concepts unnecessarily.

[0026] Turning now to the drawings, reference is ini-
tially made to Fig. 1, which is a pictorial illustration of a
system 10 for evaluating electrical activity and performing
ablative procedures on a heart 12 of a living subject,
which is constructed and operative in accordance with a
disclosed embodiment of the invention. The system com-
prises a catheter 14, which is percutaneously inserted
by an operator 16 through the patient’s vascular system
into a chamber or vascular structure of the heart 12. The
operator 16, who is typically a physician, brings the cath-
eter’s distal tip 18 into contact with the heart wall, for
example, at an ablation target site. Electrical activation
maps may be prepared, according to the methods dis-
closed in U.S. Patent Nos. 6,226,542, and 6,301,496,
and in commonly assigned U.S. Patent No. 6,892,091.
One commercial product embodying elements of the sys-
tem 10 is available as the CARTO® 3 System, available
from Biosense Webster, Inc., 3333 Diamond Canyon
Road, Diamond Bar, CA 91765. This system may be
modified by those skilled in the art to embody the princi-
ples of the invention described herein.

[0027] Areas determined to be abnormal, for example
by evaluation of the electrical activation maps, can be
ablated by application of thermal energy, e.g., by pas-
sage of radiofrequency electri cal current through wires
in the catheter to one or more electrodes at the distal tip
18, which apply the radiofrequency energy to the myo-
cardium. The energy is absorbed in the tissue, heating
it to a point (typically above 60°C) at which it permanently
loses its electrical excitability. When successful, this pro-
cedure creates non-conducting lesions in the cardiac tis-
sue, which disrupt the abnormal electrical pathway caus-
ing the arrhythmia. The principles of the invention can be
applied to different heart chambers to diagnose and treat
many different cardiac arrhythmias.

10

15

20

25

30

35

40

45

50

55

[0028] The catheter 14 typically comprises a handle
20, having suitable controls on the handle to enable the
operator 16 to steer, position and orient the distal end of
the catheter as desired for the ablation. To aid the oper-
ator 16, the distal portion of the catheter 14 contains po-
sition sensors (not shown) that provide signals to a proc-
essor 22, located in a console 24. The processor 22 may
fulfill several processing functions as described below.
[0029] Wire connections 35 link the console 24 with
body surface electrodes 30 and other components of a
positioning sub-system for measuring location and ori-
entation coordinates of the catheter 14. The processor
22 or another processor (not shown) may be an element
of the positioning subsystem. Catheter electrodes (not
shown) and the body surface electrodes 30 may be used
to measure tissue impedance at the ablation site as
taught in U.S. Patent No. 7,536,218, issued to Govari et
al.. Temperature sensors (not shown), typically a ther-
mocouple or thermistor, may be mounted on ablation sur-
faces on the distal portion of the catheter 14 as described
below.

[0030] The console 24 typically contains one or more
ablation power generators 25. The catheter 14 may be
adapted to conduct ablative energy to the heart using
any known ablation technique, e.g., radiofrequency en-
ergy, ultrasound energy, and laser-produced light ener-
gy. Such methods are disclosed in commonly assigned
U.S. Patent Nos. 6,814,733, 6,997,924, and 7,156,816.
[0031] In one embodiment, the positioning subsystem
comprises a magnetic position tracking arrangement that
determines the position and orientation of the catheter
14 by generating magnetic fields in a predefined working
volume and sensing these fields at the catheter, using
field generating coils 28. The positioning subsystem is
describedin U.S. PatentNo. 7,756,576, and in the above-
noted U.S. Patent No. 7,536,218.

[0032] As noted above, the catheter 14 is coupled to
the console 24, which enables the operator 16 to observe
and regulate the functions of the catheter 14. Console
24 includes a processor, preferably a computer with ap-
propriate signal processing circuits. The processor is
coupled to drive a monitor 29. The signal processing cir-
cuits typically receive, amplify, filter and digitize signals
from the catheter 14, including signals generated by sen-
sors such as electrical, temperature and contact force
sensors, and a plurality of location sensing electrodes
(not shown) located distally in the catheter 14. The digi-
tized signals are received and used by the console 24
and the positioning system to compute the position and
orientation of the catheter 14, and to analyze the electrical
signals from the electrodes.

[0033] In order to generate electroanatomic maps, the
processor 22 typically comprises an electroanatomic
map generator, an image registration program, an image
or data analysis program and a graphical user interface
configured to present graphical information on the mon-
itor 29.

[0034] Typically, the system 10 includes other ele-
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ments, which are not shown in the figures for the sake
of simplicity. For example, the system 10 may include an
electrocardiogram (ECG) monitor, coupled to receive
signals from one or more body surface electrodes, in or-
der to provide an ECG synchronization signal to the con-
sole 24. As mentioned above, the system 10 typically
also includes a reference position sensor, either on an
externally-applied reference patch attached to the exte-
rior of the subject’s body, or on an internally-placed cath-
eter, which is inserted into the heart 12 maintained in a
fixed position relative to the heart 12. Conventional
pumps and lines for circulating liquids through the cath-
eter 14 for cooling the ablation site are provided. The
system 10 may receive image data from an external im-
aging modality, such as an MR1 unit or the like and in-
cludes image processors that can be incorporated in or
invoked by the processor 22 for generating and display-
ing images.

[0035] Reference is now made to Fig. 2, which is a
perspective view of a catheter 37 according to an em-
bodiment of the invention, which is suitable for use with
the system 10 (Fig. 1). The catheter 37 comprises an
elongated shaft 39 having proximal and distal ends, a
control handle 41 at the proximal end of the catheter
body, and a basket-shaped electrode assembly 43
mounted at the distal end of the shaft 39.

[0036] The shaft 39 comprises an elongated tubular
construction having a single, axial or central lumen (not
shown), but can optionally have multiple lumens if de-
sired. The shaft 39 is flexible, i.e., bendable, but substan-
tially non-compressible along its length. The shaft 39 can
be of any suitable construction and made of any suitable
material. A presently preferred construction comprises
an outer wall made of polyurethane or polyether block
amide. The outer wall comprises an imbedded braided
mesh of stainless steel or the like to increase torsional
stiffness of the shaft 39 so that, when the control handle
41 is rotated, the distal end of the shaft 39 rotates in a
corresponding manner.

[0037] The outer diameter of the shaft 39 is not critical,
but is preferably no more than about 8 french, more pref-
erably 7 french. Likewise the thickness of the outer wall
is not critical, but is preferably thin enough so that the
central lumen can accommodate a puller wire, lead wires,
sensor cables and any other wires, cables or tubes. If
desired, the inner surface of the outer wall is lined with
a stiffening tube (not shown) to provide improved torsion-
al stability. An example of a catheter body construction
suitable for use in connection with the present invention
is described and depicted in U.S. Pat. No. 6,064,905.
[0038] The basket-shaped electrode assembly 43 is
mounted to the distal end of the shaft 39. As shown in
Fig. 2, the basket-shaped electrode assembly 43 com-
prises five splines 45 or arms mounted, preferably gen-
erally evenly-spaced, around a contraction wire 47, which
is connected to the distal extremity of the electrode as-
sembly 43, and which contracts, retracts and expands
the electrode assembly 43 when a tractive or a pushing
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force is applied longitudinally to the contraction wire 47
as the case may be. The contraction wire 47 forms a
longitudinal axis of symmetry for the electrode assembly
43. The splines 45 are all attached, directly or indirectly,
to the contraction wire 47 at their distal ends, and to the
shaft 39 at their proximal ends. When the contraction
wire 47 is moved longitudinally to expand and contract
the electrode assembly 43, in the expanded position the
splines 45 are bowed outwardly and in the contracted
position the splines 45 are generally straight. As will be
recognized by one skilled in the art, the number of splines
45 can vary as desired depending on the particular ap-
plication, so that the electrode assembly 43 has at least
two splines, preferably atleast three splines, and as many
as eight or more splines. As used herein, the term "bas-
ket-shaped" in describing the electrode assembly 43 is
not limited to the depicted configuration, but can include
other designs, such as spherical or egg-shaped designs,
that include a plurality of expandable arms connected,
directly or indirectly, at their proximal and distal ends.
[0039] Each of the splines 45 comprises a flexible wire
with a non-conductive covering on which one or more
ring spline electrodes 49 are mounted. In a preferred em-
bodiment, the flexible wires each comprise a flat nitinol
wire and the non-conductive coverings each comprise a
biocompatible plastic tubing, such as polyurethane or
polyimide tubing. Alternatively, the splines 45 can be de-
signed without the internal flexible wire if a sufficiently
rigid nonconductive material is used for the non-conduc-
tive covering to permit expansion of the electrode assem-
bly 43, so long as the spine has an outer surface that is
non-conductive over at least a part of its surface for
mounting of the ring spline electrodes 49.

[0040] Each of the ring spline electrodes 49 on the
splines 45 is electrically connected to an appropriate
mapping or monitoring system and/or source of ablation
energy by means of an electrode lead wire (not shown).
The electrode lead wires extend through the control han-
dle 41, through a lumen in the shaft 39, into the non-
conductive covering of corresponding splines 45, and at-
tach to their corresponding ring spline electrodes 49 by
any suitable method. The contraction wire 47 is provided
with a far-field electrode 51, e.g., a cylindrical electrode,
the function of which is described below. Additional de-
tails of the catheter 37 are described in the above-refer-
enced U.S. Patent No. 6,748,255.

[0041] The catheter 37 typically has multiple elec-
trodes arranged on multiple flexible splines of the "bas-
ket." The catheter 37 is introduced into the heart 12 (Fig.
1) in a collapsed form, where the splines 45 are relatively
close together. Once in the heart 12, the splines 45 may
be formed into their expanded basket shape by the con-
traction wire 47, which holds distal ends of the splines
45, the splines 45 being pulled in a proximal direction.
[0042] Reference is now made to Fig. 3, which is a
detailed schematic view of the electrode assembly 43
(Fig. 2), in accordance with an embodiment of the inven-
tion. In expanded form of the electrode assembly 43 at
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least a portion of the spline electrodes 49 of the splines
45 contact endocardial surface 53 of the heart 12 and
acquire signals corresponding to electropotentials gen-
erated at their points of contact with the surface. Howev-
er, since the spline electrodes 49 are in a conductive
medium (the blood), in addition to the electropotentials
from the points of contact the acquired signals also in-
clude far-field components from other regions of the heart
12.

[0043] The far-field components constitute an interfer-
ing signal on the endocardial surface electropotentials.
To counteract the interference, embodiments of the
present invention position the far-field electrode 51 on
the contraction wire 47. In the expanded configuration of
the electrode assembly 43, the far-field electrode 51 is
located on the contraction wire 47 so as to be approxi-
mately equidistant from all corresponding spline elec-
trodes 49, i.e., spline electrodes 49 that are equidistant
from a fixed reference point on the long axis of the cath-
eter, such as reference point 55 at the proximal end of
the electrode assembly 43, and is prevented from con-
tacting the surface of the heart by the splines. For exam-
ple, electrodes 57, 59 are equidistant from reference
point 55, and are also equidistant from the far-field elec-
trode 51, as indicated by broken lines 61, 63, respective-
ly. When the far-field electrode 51 is at least 0.5 cm re-
moved from the spline electrodes 49 in the expanded
configuration of the electrode assembly 43 it acquires a
far-field signal, but not a near-field signal from the endo-
cardial surface 53. However the signals acquired by the
spline electrodes 49 have both a far-field and a surface
(near-field) component. The far-field component signal
x(t) acquired by the far-field electrode 51 is removed from
signals e(t) acquired by the spline electrodes 49 so as to
counteract the interference suffered by these electrodes,
i.e., by subtraction of the signals: e(t) - x(f). Additionally
or alternatively, removal of the far-field component may
be accomplished using the teachings of copending, com-
monly assigned Application Nos. 14/574,578,
14/585,828 and 62/093,773.

[0044] In some embodiments, the catheter 37 is pro-
vided with a distal electrode location sensor 65 mounted
at or near the position where the distal ends of the spines
are connected, and a proximal electrode location sensor
67 mounted at or near the proximal end of the electrode
assembly 43, whereby, in use, the coordinates of the
electrode location sensor 65 relative to those of the elec-
trode location sensor 67 can be determined and taken
together with known information pertaining to the curva-
ture of the splines 45 to find the positions of each of the
spline electrodes 49.

[0045] Reference is now made to Fig. 4, which is a
prospective graphical example of signals that may be
obtained from a subject using the arrangement shown in
Fig. 3, in accordance with an embodiment of the inven-
tion. Graph 69 shows an electrogram e(t) obtained from
aunipolar or bipolar configuration of the spline electrodes
49. Graph 71 is a signal tracing x(t) of the far-field elec-
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trode 51, which may be a concurrent tracing. Graph 73
is a tracing of the signal obtained when the far-field com-
ponent in the electrogram e(t) is removed by subtraction
of the signal of graph 71 from the graph 69 or by appli-
cation, mutatis mutandis, of the algorithms described in
the above-noted Application Nos. 14/574,578,
14/585,828 and 62/093,773.

[0046] The presentinvention is defined by the append-
ed claims.

Claims

1. An apparatus for obtaining cardiac electrograms
comprising:

a catheter (14) having an elongated catheter
body (39), the catheter body having an interior,
proximal end, a distalend and atleastone lumen
therethrough;

a basket-shaped assembly (43) at the distal end
of the catheter body, the basket-shaped assem-
bly (43) having a longitudinal axis, a proximal
extremity and a distal extremity and comprising
a plurality of splines (45) connected at the prox-
imal extremity and the distal extremity, the
splines comprising a plurality of spline elec-
trodes (49), the basket-shaped assembly (43)
configurable in an expanded arrangement
wherein the splines (45) bow radially outwardly
forming an expanded basket shape and in a col-
lapsed arrangement, wherein the splines (45)
are arranged generally along the longitudinal ax-
is of the catheter body (39);

a distal electrode location sensor (65) mounted
at or distal to the distal extremity of the basket-
shaped assembly (43), and a proximal electrode
location sensor (67) mounted at or proximal to
the proximal extremity of the basket-shaped as-
sembly (43), whereby, in use, coordinates of the
distal electrode location sensor (65) relative to
those of the proximal electrode location sensor
(65) can be determined and taken together with
known information pertaining to curvature of the
splines (45) of the basket-shaped assembly (43)
to determine locations of each of the spline elec-
trodes (49); and

acontraction wire (47) forretracting and expand-
ing the basket-shaped assembly (43), the con-
traction wire (47) being attached to the distal ex-
tremity of the basket-shaped assembly (43) and
forming a longitudinal axis of symmetry thereof,
characterized in that the apparatus further
comprises a far-field electrode (51) disposed in
the interior of the expanded basket shaped as-
sembly on the contraction wire; and

in that the splines (45) are configured to prevent
the far-field electrode contacting cardiac surfac-



11 EP 3 053 517 B1 12

es when the basket-shaped assembly (43) is in
the expanded arrangement.

2. The apparatus according to claim 1, wherein the far-
field electrode (51) is disposed on a longitudinal axis
of symmetry of the basket-shaped assembly (43).

3. Theapparatus according to claim 1, wherein the far-
field electrode (51) is spaced apart from the spline
electrodes by at least 0.5 cm.

4. The apparatus according to claim 1, wherein sets of
the spline electrodes (49) of respective splines (45)
are equidistant from the proximal extremity of the
basket-shaped assembly, and wherein the far-field
electrode (51) is equidistant from corresponding
members of the sets of the spline electrodes.

5. Theapparatus of claim 1 wherein each of the splines
(45) has a non-conductive outer surface on which
one or more of the spline electrodes (49) are mount-
ed, the spline electrodes comprising ring electrodes.

6. Theapparatus of claim 1 wherein each of the splines
(45) comprises an internal flexible wire and a non-
conductive covering over the flexible wire on which
one or more of the spline electrodes (49) are mount-
ed, the spline electrodes (49) comprising ring elec-
trodes.

7. The apparatus of claim 6, wherein the internal flex-
ible wire comprises nitinol.

8. The apparatus of claim 1, wherein the basket-
shaped assembly (43) has between three and five
splines (45).

9. The apparatus according to claim 1, wherein the far-
field electrode (51) is a ring electrode.

Patentanspriiche

1. Vorrichtung zum Erfassen von Elektrokardiogram-
men, umfassend:

einen Katheter (14) mit einem langgestreckten
Katheterkorper (39), wobei der Katheterkorper
ein inneres proximales Ende, ein distales Ende
und zumindest ein Lumen dort hindurch auf-
weist;

eine korbférmige Anordnung (43) am distalen
Ende des Katheterkorpers, wobei die korbférmi-
ge Anordnung (43) eine Langsachse, eine pro-
ximale Extremitat und eine distale Extremitat
aufweist und eine Mehrzahl von Splines (45)
umfasst, die an der proximalen Extremitat und
an der distalen Extremitat angebracht sind, wo-
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bei die Splines eine Mehrzahl von Spline-Elek-
troden (49) umfassen,

wobei die korbférmige Anordnung (43) in eine
expandierten Anordnung, in der sich die Splines
(45) radial nach auRen biegen und eine expan-
dierte Korbgestalt formen, und in eine kollabier-
te Anordnung, in der die Splines (45) allgemein
entlang der Langsachse des Katheterkorpers
(39) angeordnet sind, konfigurierbar ist;

einen distalen Elektrodenlokalisationssensor
(65), der an der oder distal zur distalen Extremi-
tat der korbférmigen Anordnung (43) ange-
bracht ist, und einen proximalen Elektrodenlo-
kalisationssensor (67), der an der oder proximal
zur proximalen Extremitat der korbférmigen An-
ordnung (43) angeordnet ist, wobei bei der Be-
nutzung Koordinaten des distalen Elektrodenlo-
kalisationssensors (65) beziiglich denen des
proximalen Elektrodenlokalisationssensors
(65) bestimmt und zusammen mit bekannten In-
formationen uber die Krimmung der Splines
(45) der korbférmigen Anordnung (43) zur Be-
stimmung von Positionen jeder der Spline-Elek-
troden (49) verwendet werden kdénnen; und
einen Kontraktionsdraht (47) zum Zuriickziehen
und Expandieren der korbférmigen Anordnung
(43), wobei der Kontraktionsdraht (47) an der
distalen Extremitat der korbférmigen Anord-
nung (43) befestigt ist und eine Ldngssymmet-
rieachse davon bildet,

dadurch gekennzeichnet, dass die Vorrich-
tung ferner eine Fernfeldelektrode (51) umfasst,
die im Inneren der expandierten korbférmigen
Anordnung auf dem Kontraktionsdraht angeord-
net ist; und

dass die Splines (45) zur Verhinderung eines
Kontakts zwischen der Fernfeldelektrode und
Herzoberflachen ausgelegt sind, wenn sich die
korbférmige Anordnung (43)in derexpandierten
Anordnung befindet.

Vorrichtung nach Anspruch 1, wobei die Fernfelde-
lektrode (51) auf einer Langssymmetrieachse der
korbférmigen Anordnung (43) angeordnet ist.

Vorrichtung nach Anspruch 1, wobei die Fernfelde-
lektrode (51) um mindestens 0,5 cm von den Spline-
Elektroden beabstandet ist.

Vorrichtung nach Anspruch 1, wobei sich Satze von
Spline-Elektroden (49) jeweiliger Splines (45) im
gleichen Abstand von der proximalen Extremitat der
korbférmigen Anordnung befinden, und wobei sich
die Fernfeldelektrode (51) im gleichen Abstand von
entsprechenden Mitgliedern der Satze der Spline-
Elektroden befindet.

Vorrichtung nach Anspruch 1, wobei die Splines (45)
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jeweils eine nicht-leitende Auenflache aufweisen,
aufder eine oder mehrere der Spline-Elektroden (49)
angebracht sind, wobei die Spline-Elektroden Ring-
elektroden umfassen.

Vorrichtung nach Anspruch 1, wobei die Splines (45)
jeweils einen inneren flexiblen Draht und eine nicht-
leitende Abdeckung tber dem flexiblen Draht, auf
der eine oder mehrere der Spline-Elektroden (49)
angebracht sind, umfassen, wobei die Spline-Elek-
troden (49) Ringelektroden umfassen.

Vorrichtung nach Anspruch 6, wobei der innere fle-
xible Draht Nitinol umfasst.

Vorrichtung nach Anspruch 1, wobei die korbférmige
Anordnung (43) zwischen drei und flinf Splines (45)
aufweist.

Vorrichtung nach Anspruch 1, wobei die Fernfelde-
lektrode (51) eine Ringelektrode ist.

Revendications

Appareil pour obtenir des électrocardiogrammes,
comprenant:

un cathéter (14) présentant un corps de cathéter
allongé (39), le corps de cathéter présentant un
c6té intérieur, une extrémité proximale, une ex-
trémité distale et au moins une lumiére a travers
celui-ci;

un ensemble en forme de panier (43) a I'extré-
mité distale du corps de cathéter, 'ensemble en
forme de panier (43) présentant un axe longitu-
dinal, une extrémité proximale et une extrémité
distale et comportant une pluralité de cannelu-
res (45) connectées a I'extrémité proximale et a
I'extrémité distale, les cannelures comprenant
une pluralité d’électrodes de cannelure (49),
I'ensemble en forme de panier (43) pouvant étre
configuré dans une condition déployée, dans la-
quelle les cannelures (45) se courbent radiale-
ment vers I'extérieur, et dans une condition re-
pliée, dans laquelle les cannelures (45) sont
agenceées essentiellement le long de I'axe lon-
gitudinal du corps de cathéter (39);

un capteur de position d’électrode distal (65)
monté sur a ou a distance de I'extrémité distale
de I'ensemble en forme de panier (43), et un
capteur de position d’électrode proximal (67)
monté sur ou a proximité de I'extrémité proxi-
male de I'ensemble en forme de panier (43),
moyennant quoi, lors de I'utilisation, des coor-
données du capteur de position d’électrode dis-
tal (65) par rapport a celles du capteur de posi-
tion d’électrode proximal (65) peuvent étre dé-
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terminées et saisies de concert avec des infor-
mations connues relatives a la courbure des
cannelures (45) de 'ensemble en forme de pa-
nier (43) afin de déterminer les positions de cha-
cune des électrodes de cannelure (49); et

un fil de contraction (47) pour replier et déployer
I’ensemble en forme de panier (43), le fil de con-
traction (47) étant attaché a I'extrémité distale
de 'ensemble enforme de panier (43) et formant
un axe de symétrie longitudinal de celui-ci,
caractérisé en ce que I'appareil comprend en
outre une électrode de champ lointain (51) dis-
posée dans le coté intérieur de 'ensemble en
forme de panier déployé sur le fil de contraction;
et

en ce que les cannelures (45) sont configurées
de maniere a empécher I'électrode de champ
lointain d’entrer en contact avec les surfaces
cardiaques lorsque I'ensemble en forme de pa-
nier (43) se trouve dans la condition déployée.

Appareil selon larevendication 1, dans lequel I'élec-
trode de champ lointain (51) est disposée sur un axe
de symétrie longitudinal de 'ensemble en forme de
panier (43).

Appareil selon larevendication 1, dans lequel I'élec-
trode de champ lointain (51) est espacée des élec-
trodes de cannelure d’au moins 0,5 cm.

Appareil selon la revendication 1, dans lequel des
ensembles des électrodes de cannelure (49) de can-
nelures respectives (45) sont équidistants de I'extré-
mité proximale de I'ensemble en forme de panier, et
dans lequel I'électrode de champ lointain (51) est
équidistante d’éléments correspondants des en-
sembles des électrodes de cannelure.

Appareil selon la revendication 1, dans lequel cha-
cune des cannelures (45) présente une surface ex-
térieure non conductrice sur laquelle une ou plu-
sieurs des électrodes de cannelure (49) est (sont)
montée(s), les électrodes de cannelure comprenant
des électrodes annulaires.

Appareil selon la revendication 1, dans lequel cha-
cune des cannelures (45) comprend un fil interne
souple ainsi qu’une couverture non conductrice au-
dessus du fil souple sur lequel une ou plusieurs des
électrodes de cannelure (49) est (sont) montée(s),
les électrodes de cannelure (49) comprenant des
électrodes annulaires.

Appareil selon la revendication 6, dans lequel le fil
interne souple comprend du nitinol.

Appareil selon la revendication 1, dans lequel I'en-
semble en forme de panier (43) comporte entre trois
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et cinq cannelures (45).

Appareil selon la revendication 1, dans lequel I'élec-
trode de champ lointain (51) est une électrode an-
nulaire.
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