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INTRAVASCULAR MAPPING CATHETER
WITH IRRIGATED BASKET ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The subject invention is directed to an intravascular
catheter, and more particularly, to a cardiac mapping cath-
eter having an irrigated basket-shaped electrode assembly.

2. Description of Related Art

[0002] Cardiac arrhythmias are a leading cause of stroke,
heart disease, and sudden death. The physiological mecha-
nism of arrhythmia involves an abnormality in the electrical
conduction of the heart. There are a number of treatment
options for patients with arrhythmia that include medication,
implantable devices, and catheter ablation of cardiac tissue.
[0003] Traditionally, the arrhythmia is studied and diag-
nosed by “electrically mapping” the heart with catheters
inserted through the vasculature into a heart chamber. For
example, mapping catheters are known from U.S. Pat. No.
5,628,313 to Webster, which describes a basket catheter. In
use, this flexible and conformal catheter is deployed in the
heart and presses individual electrodes against the chamber
wall for full chamber contact mapping of a beating heart.
[0004] Smaller multiple electrode catheters are known as
well. For example, the U.S. Pat. No. 5,279,299 to Imran
illustrates techniques for creating smaller catheter arrays that
are used to selectively contact map portions of a cardiac
chamber. This catheter is flexible and the electrodes remain
in contact with the chamber wall even when the catheter
shaft is displaced slightly. In each of these examples, the
limbs of the catheter are very flexible and gently contact the
chamber wall while the wall of the heart is moving.
[0005] Although such cardiac mapping methods are
known in the art and various deflectable, displaceable and
deployable catheters are known as well, there is a common
negative clinical side effects of such multi-array and multi-
spine catheters, in that such complex configurations, while
exposed for a prolonged time inside the blood stream, have
a strong tendency to collect blood in the areas of high
mechanical complexity and with that show a high risk of
coagulation.

[0006] There is a clinical need to have a multi-array,
multi-spine cardiac mapping catheter, while at the same time
have a means to prevent coagulation while inserted into the
cardiovascular system and heart chambers, and improve the
accuracy, stability and maneuverability of such devices, so
that they can be more widely used, especially as an adjunct
to cardiac ablation procedures. The subject invention meets
this clinical need by providing a mapping catheter having an
irrigated basket-shaped electrode assembly that reduces the
risk of coagulation and thromboses during a prolonged
cardiac mapping procedure.

SUMMARY OF THE DISCLOSURE

[0007] The subject invention is directed to a new and
useful intravascular catheter system for cardiac mapping.
The system includes a central housing having opposed
proximal and distal end portions, an elongated catheter shaft
operatively associated with the distal end portion of the
housing, an elongated electrical conduit operatively associ-
ated with the proximal end portion of the housing and an
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elongated irrigation conduit operatively associated with the
end proximal portion of the housing.

[0008] The catheter shaft has an elongated central support
wire extending therethrough and an irrigated basket assem-
bly is operatively associated with a distal end portion of the
catheter shaft. The irrigated basket assembly has opposed
proximal and distal portions and includes a plurality of
circumferentially arranged electrically insulated tubular
splines. Each of the tubular splines in the irrigated basket
assembly has a plurality of longitudinally spaced apart
mapping electrodes provided thereon.

[0009] The irrigated basket assembly is adapted and con-
figured to transition between a first position and a second
position. In the first position, the tubular splines of the basket
assembly are compressed radially inwardly toward the cen-
tral support wire for insertion and delivery into the vascu-
lature of a patient. In the second position, the tubular splines
of the basket assembly are spread radially outwardly away
from the central support wire for physiological mapping.

[0010] The irrigated basket assembly includes at least four
circumferentially arranged tubular splines. In one embodi-
ment of the subject invention, the irrigated basket assembly
has four (4) circumferentially arranged tubular splines. In
another embodiment of the subject invention, the irrigated
basket assembly has six (6) circumferentially arranged tubu-
lar splines. Preferably, each of the circumferentially
arranged splines has at least three (3) spaced apart generally
cylindrical mapping electrodes thereon.

[0011] The electrical conduit supports a plurality of elec-
trical conductors that extend through the catheter shaft and
into the tubular splines of the basket assembly for commu-
nicating with the plurality of spaced apart mapping elec-
trodes. The electrical conduit has an electrical connector
operatively associated with a proximal end thereof for
communicating with a power source.

[0012] The irrigation conduit supports an elongated irri-
gation lumen that extends through the catheter shaft and
surrounds the central support wire so as to define an irriga-
tion gap therebetween. The irrigation conduit has an irriga-
tion port assembly operatively associated with a proximal
end portion thereof for communicating with a fluid source.

[0013] The irrigation lumen has an open distal end adja-
cent the distal end portion of the basket assembly. The open
distal end of the irrigation lumen allows for the egress of
irrigation fluid from the irrigation gap. The irrigation lumen
also includes at least one weeping hole or port adjacent the
proximal end portion of the basket assembly to allow for the
egress of irrigation fluid from the irrigation gap.

[0014] An elongated sprocket is provided in the distal end
portion of the catheter shaft, adjacent the proximal end
portion of the irrigated basket assembly. The sprocket has a
number of circumferentially spaced apart outer grooves
formed therein for maintaining the plurality of electrical
conductors in a number of circumferentially spaced apart
groups corresponding to the number of tubular splines. The
elongated sprocket also has a central bore extending there-
through for accommodating the central support wire and the
irrigation lumen in a coaxial manner.

[0015] Preferably, each of the tubular splines of the irri-
gated basket assembly has an internal support wire located
therein constructed from a shape memory alloy and having
an arcuate configuration in the radially outwardly spread
condition. The internal support wire in each tubular spline
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preferably has a generally rectangular cross-section to pre-
vent twisting and maintain radial alignment of the splines.
[0016] Each of the mapping electrodes is constructed from
an electrically conductive biocompatible material selected
from the group of materials group consisting of platinum,
platinum iridium alloy, MP35N and stainless steel. Each of
the mapping electrodes has a raised circumferential outer
surface and wherein ramps are provided at opposed ends of
each mapping electrode to provide a smooth transition
between an outer surface of the spline and the outer surface
of the electrode.

[0017] These and other features of the intravascular cath-
eter system of the subject invention will become more
readily apparent to those having ordinary skill in the art to
which the subject invention appertains from the detailed
description of the preferred embodiments taken in conjunc-
tion with the following brief description of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] So that those skilled in the art will readily under-
stand how to make and use the intravascular catheter system
of the subject invention without undue experimentation,
preferred embodiments thereof will be described in detail
herein below with reference to the figures wherein:

[0019] FIG. 1 is side elevational view of the intravascular
catheter system of the subject invention with a four-splined
irrigated basket assembly in a deployed position;

[0020] FIG. 2 is perspective view of the proximal end
portion of the intravascular catheter system of the subject
invention;

[0021] FIG. 3 is an enlarged perspective view in cross-
section of the central housing portion of the intravascular
catheter system of the subject invention illustrating the
conductive wires and irrigation lumen that extend there-
through;

[0022] FIG. 4 is an enlarged cross-sectional view of the
distal end portion of the catheter shaft taken along line 4-4
of FIG. 5 and illustrating the structural features correspond-
ing to a six-splined basket assembly;

[0023] FIG. 5 is a side elevational view of a six-splined
irrigated basket assembly constructed in accordance with an
embodiment of the subject invention;

[0024] FIG. 6 is a side elevational view of the four-splined
irrigated basket assembly illustrated in FIG. 1;

[0025] FIG. 7 is an enlarged localized view side eleva-
tional view of the distal end portion of the four-splined
basket assembly illustrated in FIG. 6, which shows the open
distal end of the irrigation gap formed between the central
support wire and the irrigation lumen;

[0026] FIG. 8 is an enlarged localized view side eleva-
tional view of the proximal end portion of the four-splined
basket assembly illustrated in FIG. 6, which shows the
weeping holes communicating with the irrigation gap
formed between the central support wire and the irrigation
lumen;

[0027] FIG. 9 is an enlarged localized view of a raised
mapping electrode as illustrated in FIG. 6;

[0028] FIG. 10 is a side elevational view of the internal
support wire in each spline of the basket assembly; and
[0029] FIG. 11 is an enlarged localized perspective view
of the distal end portion of the internal support wire shown
in FIG. 10.

Jun. 11, 2020

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] Referring now to the drawings wherein like refer-
ence numeral identify similar structural elements or features
of the subject invention, there is illustrated in FIG. 1 a new
and useful intravascular catheter system for cardiac map-
ping, which is designated generally by reference numeral 10.
The intravascular catheter system 10 of the subject invention
is an electrophysiology catheter designed for deployment
within a heart chamber to map electro-anatomical charac-
teristics of the heart and/or to locate and position other
catheters within the heart.

[0031] Referring now to FIG. 1, the catheter system 10 of
the subject invention includes a central housing 12 having
opposed distal and proximal end portions 14 and 16. An
elongated braided catheter shaft 18 is operatively associated
with the distal end portion 14 of the housing 12. An irrigated
basket-shaped mapping assembly 20 is operatively associ-
ated with a distal end portion of the catheter shaft 18.
[0032] In FIG. 1, the basket assembly 20 is a shown as a
four-splined assembly. It should be understood however, that
the basket assembly associated with catheter system 10 of
the subject invention can have more than four splines.
Indeed, a six-splined basket assembly is also disclosed
herein and it will be described in more detail below with
reference to FIG. 5. Both of the basket assemblies disclosed
herein are irrigated and constructed in a similar manner.
[0033] With continuing reference to FIG. 1, an elongated
electrical conduit 22 is operatively associated with the
proximal end portion 16 of the central housing 12 and an
elongated irrigation conduit 24 is also operatively associated
with the proximal end portion 16 of the central housing 12.
The catheter shaft 18, irrigated basket assembly 20, electri-
cal conduit 22 and irrigation conduit 24 will be described in
greater detail below.

[0034] Referring to FIG. 2, the irrigation conduit 24 of
catheter system 10 has an irrigation port assembly 25 that is
operatively associated with a proximal end portion thereof.
The irrigation port assembly 25 includes a first connector
port 26 for connecting with a first irrigation source, a second
connector port 28 for connecting with a second irrigation
source, and a three-position toggle valve 30. The connector
ports 26 and 28 are preferably conventional luer-type fit-
tings.

[0035] The three-position toggle valve 30 is adapted and
configured for manual movement between a first position in
which the first connector port 26 is open and the second
connector port 28 is closed, a second portion in which the
first connector port 26 is closed and the second connector
port 28 is open, and a third position in which the first
connector port 26 and the second connector port 28 are both
closed.

[0036] Referring to FIG. 3, an elongated irrigation lumen
32 extends through the irrigation conduit 24 from the
irrigation port assembly 25, through the interior cavity 15 of
the central housing 12 and into the catheter shaft 18. The
irrigation lumen 32 carries fluids (e.g., saline solution or an
anti-thrombotic drug or agent) from the irrigation port
assembly 25 to the irrigated basket assembly 20 at the distal
end of the catheter shaft 18, as discussed in more detail
below.

[0037] With continuing reference to FIGS. 2 and 3, the
electrical conduit 22 of catheter system 10 includes a
proximal socket housing 40 that supports a plurality of
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electrical conductors 42 in a manner for ready connection
with an electrical power source. More particularly, as best
seen in FIG. 2, the socket housing 40 includes a reception
port 44 containing a multi-pin connector 46 that communi-
cates with the electrical conductors 24. The electrical con-
ductors 42 extend from the socket housing 40, through the
electrical conduit 22, and into the interior cavity 15 of the
central housing 12. From there, the electrical conductors 24
enter the proximal end of the catheter shaft 18 and extend to
the basket assembly 20 at the distal end of the catheter shaft
18.

[0038] Referring now to FIGS. 4 and 5, there is illustrated
an irrigated six-splined basket-shaped mapping assembly 50
constructed in accordance with the subject invention. The
six-splined basket assembly 50 includes six (6) electrically
insulated tubular splines 52a-52fthat are supported at their
respective distal ends by an atraumatic end cap 58.

[0039] Basket assembly 50 is adapted and configured to
transition between a first position and a second position. In
the first position, the tubular splines 52a-52f"are compressed
radially inwardly toward the central lumen 32 for intravas-
cular insertion and delivery. In the second position, the
tubular splines 52a-52f are spread radially outwardly away
from the irrigation lumen 32 to facilitate physiological
mapping.

[0040] By way of non-limiting example, each spline 52a-
52fhas at least three (3) longitudinally spaced apart mapping
electrodes 56 provided thereon. The mapping electrodes 56
are each associated with a respective electrical conductor 42.
In the case of the six-splined basket assembly 50 wherein
each of the six (6) splines 52a-52f has four (4) mapping
electrodes 56 provided thereon, there are twenty-four (24)
electrical conductors 42. As best seen in FIG. 4, these
twenty-four (24) electrical conductors 42 are divided into six
(6) sets or groups of individually insulated electrical con-
ductors 42a-42f, wherein each set contains four (4) insulated
conductors 42.

[0041] An elongated cylindrical sprocket 60 formed from
a relatively rigid material is provided in the distal end
portion of the catheter shaft 18, adjacent to the proximal end
portion of the basket assembly, for organizing and effec-
tively separating the components of the catheter assembly 10
that extend therethrough. In particular, the sprocket 60
includes a central bore 62 for coaxially accommodating the
irrigation lumen 32 and a central support wire 34 fabricated
from Nitinol or a similar material.

[0042] More particularly, the central support wire 34 and
the irrigation lumen 32 are positioned relative to one another
in a coaxial manner so as to form an annular irrigation gap
36 between the outer periphery of the central support wire 34
and the inner periphery of the irrigation lumen 32. The
irrigation gap 36 defines a pathway for fluids that are
delivered from the irrigation port assembly 25 associated
with the irrigation conduit 24 to the six-splined basket
assembly 50 at the distal end of catheter shaft 18.

[0043] The sprocket 60 further includes six (6) circumfer-
entially spaced apart radially outer grooves 64a-64f for
supporting a respective one of the six (6) conductor sets
424-42f. By supporting and separating the conductors 42 in
this manner, the sprocket 60 prevents the conductive wires
42 in each set or group of wires from twisting and kinking
as the catheter shaft 18 transits the vasculature of a patient.
This effectively reduces the potential for electrical arcing of
conductors 42. An arcuate spacer 66 covers each of the six
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(6) sets of conductors 42a-42f and advantageously maintains
spacing between the conductors 42 and the inner wall of the
catheter shaft 18.

[0044] Referring now to FIGS. 6 through 8, there is
illustrated the four-splined irrigated basket assembly 20
previously shown in FIG. 1. In particular, the basket assem-
bly 20 includes four (4) electrically insulated tubular splines
72a-72d that are supported at their respective distal ends by
an atraumatic cap 74. Each tubular spline has four (4)
longitudinally spaced apart mapping electrodes 76 provided
thereon.

[0045] The tubular splines 72a-72d are circumferentially
arranged around the irrigation lumen 32. The basket assem-
bly 20 is adapted and configured to transition between a first
position and a second position. In the first position, the four
tubular splines 72a-72d are compressed radially inwardly
toward the irrigation lumen 32 for intravascular insertion
and delivery. In the second position, the four tubular splines
72a-72d are spread radially outwardly away from the irri-
gation lumen 32 to facilitate physiological mapping.
[0046] As best seen in FIG. 7, the irrigation sleeve 32 has
an open distal end 35 adjacent the end cap 74 at the distal
portion of the basket assembly 20 to allow for the egress of
irrigation fluid from the irrigation gap 36. As best seen in
FIG. 8, the irrigation lumen 32 has at least one weeping hole
45 located adjacent the proximal portion of the basket
assembly 20 to allow for the egress of irrigation fluid from
the irrigation gap 36.

[0047] Preferably, there would be a plurality of circum-
ferentially spaced apart weeping holes 45 formed in the wall
of the irrigation lumen 32 adjacent the proximal end portion
of the basket assembly 20. For example, the irrigation lumen
32 could be formed with four (4) circumferentially spaced
apart weeping holes to provide an evenly distributed amount
of irrigation fluid. The open distal end 35 and the proximal
weeping holes 45 allow the basket assembly 20 to be flushed
during the medical mapping procedure using a saline solu-
tion or a medicament solution, to prevent thromboses during
prolonged mapping procedures. These distal and proximal
irrigation features are also provided in the six-splined basket
assembly 50 shown in FIGS. 4 and 5.

[0048] Referring now to FIG. 9, each mapping electrode
(i.e., the mapping electrodes 56 of the six-splined basket
assembly 60 and the mapping electrodes 76 of the four-
splined basket assembly 20) is constructed from an electri-
cally conductive biocompatible material that is selected
from the group of materials consisting of platinum, platinum
iridium alloy, MP35N and stainless steel. By way of non-
limiting example, mapping electrode 76 has a raised cir-
cumferential outer surface 764 with opposed end ramp
surfaces 7656 and 76¢ that provide a smooth transition
between the outer surface 76a and an outer surface of a
cylindrical spline 72d. The raised mapping electrodes pro-
vide increased and improved tissue contact while providing
smooth transition from spline body, which helps to prevent
thromboses along the electrode.

[0049] Referring now to FIGS. 10 and 11 in conjunction
with FIG. 4, each of the splines 52a-52f of the basket
assembly 50 has an internal support wire 80. Each support
wire 80 is constructed from a shape memory alloy (e.g.,
Nitinol) and has an arcuate central portion 80a with distal
and proximal leg portions 805 and 80c. The arcuate central
portion 80a defines the curvature of each spline when the
basket assembly 50 is in a radially outwardly spread con-
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dition. The distal leg portion 805 cooperates with another
sprocket (similar to sprocket 60) in the end cap 58 at the
distal end of the basket assembly 50 and the proximal leg
portion 80c¢ cooperates with the sprocket 60 in the open
distal end portion of catheter shaft 18. As best seen in FIG.
11, each internal support wire 80 preferably has a generally
rectangular cross-section to prevent twisting and maintain
radial alignment of the splines. The rectangular profile of
each support wire 80 allows for angular alignment of all of
the splines while still being flexible.

[0050] It should be understood that the irrigated basket-
shaped mapping assembly of the catheter system 10 of the
subject invention, can have any number of tubular splines. It
can have four (4) tubular splines as illustrated in FIG. 6, it
can have six (6) tubular splines as illustrated in FIG. 5, or it
can have fewer than four splines and greater than six splines.
It should be further understood by those having ordinary
skill in the art, that each of the splines could have more than
four (4) mapping electrodes or fewer than four (4) mapping
electrodes. However, each spline preferably includes at least
three (3) spaced apart generally cylindrical mapping elec-
trodes thereon.

[0051] While the subject disclosure has been shown and
described with reference to preferred embodiments, those
skilled in the art will readily appreciate that changes or
modifications may be made thereto without departing from
the spirit or scope of the subject disclosure.

What is claimed is:

1. An intravascular catheter system comprising:

a) a central housing having opposed proximal and distal
portions;

b) an elongated catheter shaft operatively associated with
the distal portion of the housing, the catheter shaft
having an elongated central support wire extending
therethrough and a having an irrigated basket assembly
operatively associated with a distal end portion thereof,
the irrigated basket assembly having opposed proximal
and distal portions and including a plurality of circum-
ferentially arranged electrically insulated tubular
splines each having a plurality of longitudinally spaced
apart mapping electrodes thereon;

c) an elongated electrical conduit operatively associated
with the housing and supporting a plurality of electrical
conductors that extend through the catheter shaft and
into the splines of the irrigated basket assembly for
communicating with the plurality of spaced apart elec-
trodes; and

d) an elongated irrigation conduit operatively associated
with the proximal portion of the housing, the irrigation
conduit supporting an elongated irrigation lumen that
extends through the catheter shaft and into the basket
assembly and surrounds the central support wire so as
to define an irrigation gap therebetween.

2. An intravascular catheter system as recited in claim 1,
wherein the basket assembly has opposed proximal and
distal portions and includes a plurality of circumferentially
arranged electrically insulated tubular splines each having a
plurality of longitudinally spaced apart mapping electrodes
thereon.

3. An intravascular catheter system as recited in claim 2,
wherein the basket assembly is adapted and configured to
transition between a first position in which the splines are
compressed radially inwardly toward the central support
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wire for insertion and delivery and a second position in
which the splines are spread radially outwardly away from
the central support wire for physiological mapping.

4. An intravascular catheter system as recited in claim 2,
wherein the basket assembly includes at least four circum-
ferentially arranged splines.

5. An intravascular catheter system as recited in claim 4,
wherein the basket assembly includes six circumferentially
arranged splines.

6. An intravascular catheter system as recited in claim 2,
wherein each of the splines has an internal support wire
constructed from a shape memory alloy and having an
arcuate configuration in an unstressed condition.

7. An intravascular catheter system as recited in claim 6,
wherein the internal support wire in each spline has a
generally rectangular cross-section to prevent twisting and
maintain radial alignment of the splines.

8. An intravascular catheter system as recited in claim 2,
wherein each of the circumferentially arranged splines has at
least three spaced apart generally cylindrical mapping elec-
trodes thereon.

9. An intravascular catheter system as recited in claim 2,
wherein each of the mapping electrodes is constructed from
an electrically conductive biocompatible material selected
from the group consisting of platinum, platinum iridium
alloy, MP35N and stainless steel.

10. An intravascular catheter system as recited in claim 2,
wherein each of the mapping electrodes has a raised cir-
cumferential outer surface and wherein ramps are provided
at opposed ends of each mapping electrode to provide a
smooth transition between an outer surface of the spline and
the outer surface of the electrode.

11. An intravascular catheter system as recited in claim 2,
wherein an elongated sprocket is provided within a distal
end portion of the catheter shaft, adjacent to the proximal
end portion of the basket assembly, with a number of
circumferentially spaced apart outer grooves formed therein
for maintaining the plurality of electrical conductors in a
number of circumferentially spaced apart groups corre-
sponding to the number of splines.

12. An intravascular catheter system as recited in claim
11, wherein the elongated sprocket has a control bore
extending therethrough for accommodating the central sup-
port wire and the irrigation lumen.

13. An intravascular catheter system as recited in claim 1,
wherein the electrical conduit has an electrical connector
operatively associated with a proximal end thereof for
communicating with a power source.

14. An intravascular catheter system as recited in claim 1,
wherein the irrigation lumen has an open distal end adjacent
the distal portion of the basket assembly to allow for the
egress of irrigation fluid from the irrigation gap.

15. An intravascular catheter system as recited in claim 1,
wherein the irrigation lumen has at least one weeping hole
adjacent the proximal portion of the basket assembly to
allow for the egress of irrigation fluid from the irrigation
gap.

16. An intravascular catheter system as recited in claim 1,
wherein the irrigation conduit has an irrigation port assem-
bly operatively associated with a proximal end portion
thereof for communicating with a fluid source.
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