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Description

[0001] The present invention relates to an improved
steerable electrode catheter having an irrigated ablation
electrode that is particularly useful for treating atrial fibril-
lation.

[0002] Atrial fibrillation is a common sustained cardiac
arrhythmia and a major cause of stroke. This condition
is perpetuated by reentrant wavelets propagating in an
abnormal atrial-tissue substrate. Various approaches
have been developed to interrupt wavelets, including sur-
gical or catheter-mediated atriotomy. It is believed that
to treat atrial fibrillation by radio-frequency ablation using
a catheter, continuous linear lesions must be formed to
segmentthe hearttissue. By segmenting the heart tissue,
no electrical activity can be transmitted from one segment
to another. Preferably, the segments are made too small
to be able to sustain the fibrillatory process. A preferred
technique for treating atrial fibrillation by radio-frequency
ablation would be a "branding iron" approach, where a
relatively long electrode can be held stationary in good
contact with the heart wall while ablation is completed.
In this way, a continuous transmural bum may be effect-
ed.

[0003] U.S. Patent No. 5,800,428 to Nelson et al. dis-
closes aradio frequency ablation catheter system having
a flexible, tubular electrode for creating a continuous lin-
earlesion. The tubular electrode is selectively extendable
from the distal end of the catheter. The catheter further
comprises mechanisms for remotely manipulating and
extending the electrode. However, having an extendable
electrode house in the catheter provides less degrees of
freedom with respect to the shape, size and length of the
tubular electrode. Moreover, the physician has to deal
with additional moving and manipulatable parts, adding
complexity to the procedure. Further, a retractable elec-
trode can cause contamination because blood or coag-
ulate on the electrode can be pulled into and entrapped
inside the catheter. The entrapped coagulate can also
affect the ability of the electrode to be further extended
and retracted. Accordingly, it would be desirable to pro-
vide a catheter design having an electrode for creating
linear lesions that overcomes these drawbacks.

[0004] US 6 371 955 discloses a catheter for ablating
tissue, the catheter comprising:

- anelongated generally tubular catheter body having
proximal and distal ends and at least one lumen ex-
tending therethrough;

- anonretractable electrode assembly mounted atthe
distal end of the catheter, the electrode assembly
comprising:

-- a generally tubular ablation electrode formed
of material having shape memory having a gen-
erally straight exposed region with proximal and
distal ends and at least one irrigation port in the
exposed region through which fluid can pass
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from the inside to the outside of the ablation elec-
trode, the exposed region being generally trans-
verse to the catheter body,

--atip atthe distal end of the electrode assembly
comprising a generally ball-shaped exposed re-
gion,

-- a distal mapping electrode mounted distally
to the exposed region of the ablation electrode,
and

-- means for introducing fluid into the tubular
electrode.

[0005] Temperature sensing means can be provided
for the tubular electrode.

[0006] U.S. Patent Application Publication No.
2004/0015164, entitled "Atrial Ablation Catheter and
Method for Treating Atrial Fibrillation", discloses a cath-
eter having an ablation assembly bentrelative to the cath-
eter body and comprising a generally-straight non-re-
tractable tubular electrode formed of a material having
shape-memory having at least one irrigation port through
which fluid can pass from the inside to the outside of the
electrode. Two pairs of ring electrodes are provided, one
pair mounted distal to the tubular electrode and one pair
mounted proximal to the tubular electrode, for mapping
electrical information. All of these components create a
relatively long electrode assembly, which can be difficult
to maneuver within the tight confines of the atrium. It
would therefore be desirable to shorten the length of the
ablation assembly while maintaining the functionality.
[0007] The invention is directed to an improved cath-
eter for measuring electrical activity and ablation tissue
that has an electrode assembly comprising an elongated
ablation electrode and a plurality of mapping electrodes
as defined in appended claim 1. The mapping electrodes
are arranged to minimize the length of the electrode as-
sembly.

[0008] In one embodiment, the catheter comprises an
elongated generally-tubular catheter body. A non-retract-
able electrode assembly is mounted at the distal end of
the catheter body. The electrode assembly comprises a
generally tubular ablation electrode formed of a material
having shape-memory having a generally straight ex-
posed region and at least one irrigation port in the ex-
posed region through which fluid can pass from the inside
to the outside of the ablation electrode. The exposed re-
gion is generally transverse to the catheter body. The
electrode assembly further comprises a tip at the distal
end of the electrode assembly comprising a generally
ball-shaped exposed region. Firstand second distal map-
ping electrodes are mounted distal to the exposed region
of the ablation electrode. At least the first distal mapping
electrode, and optionally the second distal mapping elec-
trode, is incorporated into the generally ball-shaped ex-
posed region of the tip. The catheter further comprises
aninfusion tube extending through the catheter body and
having a distal end in fluid communication with the prox-
imal end of the ablation electrode.
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[0009] The electrode assembly comprises a proximal
temperature sensor mounted near the proximal end of
the exposed region of the ablation electrode and a distal
temperature sensor mounted near the distal end of the
exposed region of the ablation electrode.

[0010] The catheter further comprises a non-conduc-
tive protective tubing extending generally parallel to and
along the outside of the exposed region of the ablation
electrode, wherein the proximal and distal temperature
sensors are mounted within the protective tubing.
[0011] The catheter can further comprise a non-con-
ductive material formed over at least a portion of a non-
conductive outer surface of a generally ball-shaped ex-
posed region of the tip such that at least a portion of each
of the generally cup-shaped conductive electrodes is not
covered by the non-conductive material.

[0012] A first distal mapping electrode can comprise a
first generally semi-circular band and a second distal
mapping electrode can comprise a second generally
semi-circular band, the first and second generally semi-
circular bands being mounted in a generally circular ar-
rangement relative to each other with a non-conductive
region between the bands.

[0013] The exposed region can form an angle with the
axis of the catheter body ranging from substantially 75°
to substantially 110°.

[0014] The exposed region can be generally perpen-
dicular to the catheter body.

[0015] The electrode assembly can further comprise
a proximal non-conductive tubing between the distal end
of the catheter body and the proximal end of the exposed
region of the ablation electrode.

[0016] The catheter can further comprise two proximal
mapping electrodes mounted on the proximal tubing.
[0017] The two proximal mapping electrodes can be
generally collinear with the exposed region of the ablation
electrode.

[0018] The two proximal mapping electrodes can each
comprise a ring electrode.

[0019] The introducing means can comprise an infu-
siontube extending through the catheter body and having
proximal and distal ends, wherein the distal end of the
infusion tube is in fluid communication with the proximal
end of the tubular electrode.

[0020] The tubular electrode can be made of a super
elastic and/or shape memory alloy, such as nitinol.
[0021] The exposed region of the ablation electrode
can have a length ranging from substantially 6 mm to
substantially 2 cm and preferably ranging from substan-
tially 8 mm to substantially 12 mm.

[0022] The at least one irrigation port can be located
only on the side of the exposed region of the tubular elec-
trode that is to be in contact with tissue to be ablated.
[0023] The catheter can be used in a method for treat-
ing atrial fibrillation comprising inserting the distal end of
a catheter as described above into an atria of the heart.
Electrical activity within the atria is measured using the
distal mapping electrodes, and optionally with proximal
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mapping electrodes mounted proximal to the exposed
region of the ablation electrode. At least one linear lesion
is formed in the atrial tissue with the ablation electrode.
[0024] The catheter can also be used in a method for
treating atrial fibrillation comprising providing a catheter
as described above and a guiding sheath having proximal
and distal ends. The guiding sheath is inserted into the
body so that the distal end of the guiding sheath is in an
atria of the heart. The catheter is introduced into the prox-
imal end of the guiding sheath and fed through the guiding
sheath so that the distal end of the catheter extends out
the distal end of the guiding sheath. Electrical activity
within the atriais measured using the distal mapping elec-
trodes. At least one linear lesion is formed in the atrial
tissue with the tubular electrode.

[0025] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, in which:

FIG. 1 is a side cross-sectional view of an embodi-
ment of the catheter of the invention;

FIG. 2 is a side cross-sectional view of a catheter
body according to the invention, including the junc-
tion between the catheter body and intermediate
section;

FIG. 3 is a side view of an electrode assembly ac-
cording to the invention;

FIG. 4 is a side cross-sectional view of the electrode
ablation assembly of FIG. 3 with its proximal end
mounted in the distal end of the catheter body;
FIG. 5is a side cross-sectional view of an alternative
ball tip for an electrode assembly according to the
invention;

FIG. 6 is an end view of the ball tip of FIG. 5;

FIG. 7 is a flow chart illustrating a method for making
an alternative electrode ball tip for an electrode as-
sembly according to the invention;

FIG. 8 is a cross sectional view of a portion of the
catheter intermediate section showing one means
for attaching the puller wire;

FIG. 9 is a top cross sectional views of a preferred
puller wire anchor; and

FIG. 10 is a side cross sectional views of the puller
wire anchor of FIG. 9.

[0026] The invention provides a catheter having an ir-
rigated tubular ablation electrode. As shown in FIG 1, the
catheter comprises an elongated catheter body 10 hav-
ing proximal and distal ends with an electrode assembly
15 mounted at the distal end of the catheter body and a
control handle 16 at the proximal end of the catheter
body.

[0027] With reference to FIG. 2, the catheter body 10
comprises an elongated tubular construction having a
relatively long proximal shaft 12 and a relatively short
distal shaft 14. The proximal shaft 12 has a single, axial
or central lumen 18. The proximal shaft 12 is flexible, i.e.,
bendable, but substantially non-compressible along its
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length. The proximal shaft 12 can be of any suitable con-
struction and made of any suitable material. A presently
preferred construction comprises an outer wall 22 made
of polyurethane or PEBAX. The outer wall 22 comprises
an imbedded braided mesh of stainless steel or the like
to increase torsional stiffness of the proximal shaft 12 so
that, when the control handle 16 is rotated, the distal shaft
14 will rotate in a corresponding manner.

[0028] The outer diameter of the proximal shaft 12 is
not critical, but is preferably no more than about 8 french,
more preferably 7 french. Likewise the thickness of the
outer wall 22 is not critical, but is thin enough so that the
central lumen 18 can accommodate an infusion tube, a
puller wire, lead wires, and any other wires, cables or
tubes. If desired, the inner surface of the outer wall 22 is
lined with a stiffening tube (not shown) to provide im-
proved torsional stability.

[0029] In the depicted embodiment, the distal shaft 14
comprises a short section of tubing 19 having three lu-
mens, namely, a lead wire lumen 30, a puller wire lumen
32, and an infusion lumen 34. The wires and tube are
described in more detail below. The tubing 19 is made
of a suitable non-toxic material that is preferably more
flexible than the proximal shaft 12. A presently preferred
material for the tubing 19 is braided polyurethane, i.e.,
polyurethane with an embedded mesh of braided stain-
less steel or the like, that is more flexible than the catheter
body. The number and size of the lumens is not critical
and can vary depending on the various wires, tubes and
other components carried by the catheter. In a preferred
embodiment, the distal shaft 14 has an outer diameter
ranging from about 5 french (1.7mm (.066 inch)) to 8
french (2.7mm (.105 inch)), and the lead wire lumen 30
and puller wire lumen 32 are generally about the same
size, each having a diameter of from about 0.51mm
(0.020 inch) to about 0.61mm (0.024 inch), preferably
0.56mm (0.022 inch), with the infusion lumen 34 having
a slightly larger diameter of from about 0.81mm (0.032
inch) to about 0.96mm (0.038 inch), preferably 0.89mm
(0.035 inch).

[0030] One means for attaching the proximal shaft 12
to the distal shaft 14 is illustrated in FIG. 2. The proximal
end of the distal shaft 14 comprises an outer circumfer-
ential notch 24 that receives the inner surface of the outer
wall 22 of the proximal shaft 12. The distal shaft 14 and
proximal shaft 12 are attached by glue or the like. Other
arrangements for the proximal and distal shafts are con-
sidered within the scope of the invention. For example,
the proximal and distal shafts can be made from a single
tubing so that the proximal and distal shafts include the
same number of lumens. Alternatively, if a stiffening tube
is provided, the stiffening tube can extend slightly beyond
the distal end of the proximal shaft 12 (e.g., about 3 mm)
and be glued to the proximal shaft, with the proximal end
of the distal shaft 14 cored out to receive the distal end
of the stiffening tube, creating a lapp joint. The lapp joint
and the butt joint formed between the distal end of the
proximal shaft 12 and the proximal end of the distal shaft
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14 can be secured with polyurethane glue or the like.
[0031] If desired, a spacer (not shown) can be located
within the proximal shaft 12 at its distal end, adjacent the
proximal end of the distal shaft 14. The spacer provides
a transition in flexibility at the junction of the proximal
shaft and distal shaft, which allows this junction to bend
smoothly without folding or kinking. A catheter having
such a spacer is described in U.S. Patent No. 5,964,757,
the disclosure of which is incorporated herein by refer-
ence.

[0032] At the distal end of the distal shaft 14 is a non-
retractable electrode assembly 15, as shown in FIGs. 3
to 7. Inthe depicted embodiment, the electrode assembly
15 has proximal and distal ends and comprises an ex-
posed generally-straight tubular electrode 38 that is gen-
erally transverse to the catheter body 12. Two proximal
mapping electrodes 40 are mounted proximal to and gen-
erally collinear with the tubular electrode’s exposed re-
gion 38a, and two distal mapping electrodes 41 and 42
are mounted distal to and generally collinear with the
tubular electrode.

[0033] Asused herein, the term "tubular electrode" re-
fers not only to traditional tubular, i.e., cylindrically-
shaped, structures having a hollow interior, but also to
any other elongated, generally-hollow bodies having, for
example, an ovular, square, or other geometrically-
shaped cross-sectional area. Other shapes will be ap-
parent to those skilled in the art to achieve the purpose
described further herein. Preferably the tubular electrode
38 has an inner diameter ranging from about 0.46mm
(0.018 inch) to about 1.47mm (0.058 inch) and an outer
diameter ranging from about 0.51mm (0.020 inch) to
about 1.52mm (0.060 inch). The length of the tubular
electrodes exposed region 38a can vary depending on
the desired length of the lesion to be created, and pref-
erably ranges from about 6 mm to about 2 cm, more
preferably from about 8 mm to about 12 mm, to create a
relatively long lesion.

[0034] The tubular electrode 38 is made of a material
having shape-memory, i.e., that can be straightened or
bent out of its original shape upon exertion of a force and
is capable of substantially returning to its original shape
upon removal of the force. A particularly preferred mate-
rial for the tubular electrode is a nickel/titanium alloy.
Such alloys typically comprise about 55% nickel and 45%
titanium, but may comprise from about 54% to about 57%
nickel with the balance being titanium. A preferred nickel/
titanium alloy is nitinol, which has excellent shape mem-
ory, together with ductility, strength, corrosion resistance,
electrical resistivity and temperature stability. A particu-
larly preferred material is nitinol form from 50.8 atomic%
nickel, with the balance titanium, having an austenite fin-
ish and a transition temperature from about +5°C to about
-25°C, which is commercially available from Nitinol De-
vice Corp. (Fremont, California).

[0035] The tubular electrode 38 contains a series of
irrigation ports 39 through which fluid can pass during an
ablation procedure. Preferably the irrigation ports 39 are
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located only on the side of the tubular electrode 38 that
is to be in contact with the tissue to be ablated, which is
typically the side facing away from the catheter body 12.
The irrigation ports 39 can be any suitable shape, such
as rectangular or ovular slots or round holes. In the em-
bodiment shown in FIGs. 3 and 4, the tubular electrode
38 has six irrigation ports 39, each forming a slot with a
length preferably ranging from about 0.46mm (0.018
inch) to about 0.51mm (0.020 inch). Preferably the irri-
gation ports 39 are spaced apart from each other a dis-
tance of about 3.2mm (0.125 inch). Having a limited
number of irrigation ports 39 on the side of the tubular
electrode 38 in contact with the tissue to be ablated allows
for more even fluid flow out of the electrode. As would
be recognized by one skilled in the art, the precise
number, size, shape and arrangement of irrigation ports
39 can vary as desired.

[0036] As noted above, the tubular electrode 38 in-
cludes an exposed region 38a that is generally trans-
verse to the catheter body 12. Preferably the exposed
region 38a forms an angle with the axis of the catheter
body 12 ranging from about 75° to about 110°, and the
exposed region can be generally perpendicular to the
catheter body. In the depicted embodiment, the tubular
electrode also includes a non-exposed region 38b at its
proximal end, thereby permitting the non-exposed region
of the tubular electrode to serve as a shape-defining
member for the electrode assembly 15. With this design,
the proximal end of the tubular electrode 38 is mounted
in the distal end of the distal shaft 14.

[0037] The tubular electrode’s non-exposed region
38b is covered by a non-conductive protective sheath
44, which is preferably made of polyimide, PEBAX or
another biocompatible plastic. The proximal end of the
protective sheath 44 is mounted in the distal end of the
distal shaft 14 and held in place with polyurethane glue
or the like, as shown in FIG. 4. Alternatively, the tubular
electrode 38 can be shorter, with its proximal end termi-
nating just inside the protective sheath 44.

[0038] Aninfusiontube 46 is provided for infusing fluid,
such as saline, into the tubular electrode 38 so that the
fluid can pass out through the irrigation ports 39 to cool
the tissue being ablated. The infusion tube 46 extends
through the infusion lumen 34 of the distal shaft 14,
through the proximal shaft 12, out the proximal end of
the control handle 16, and terminates in a luer hub 47 or
the like at a location proximal to the control handle. In an
alternative arrangement, a single lumen side arm (not
shown) is fluidly connected to the central lumen 18 near
the proximal end of the catheter body 12, as described
in more detail in U.S. Patent No. 6,120,476, the entire
disclosure of which is incorporated herein by reference.
Alternatively, the infusion tube 46 can terminate within
the distal end of the infusion lumen 34 of the distal shaft
14, with a second infusion tube (not shown) provided that
extends from the proximal end of the infusion lumen,
through the proximal shaft 12 and out through the control
handle 16. Such a design is also described in more detail
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in U.S. Patent No. 6,120,476.

[0039] AsshowninFIG.4,thedistal end of the infusion
tube 46 extends out the distal end of the infusion lumen
34 and over the proximal end of the tubular electrode 38.
The infusion tube 46 is attached to the tubular electrode
38 with polyurethane glue or the like, which also acts to
seal the infusion lumen 34 so that fluids cannot pass into
or out of the infusion lumen other than through the infu-
sion tube and tubular electrode. A strengthening member
48 comprising a short (e.g., 2 to 5 mm) piece of tubing
is provided over the proximal end of infusion tube 46 in
which the distal end of the tubular electrode 38 is mount-
ed to enhance the strength of the junction of the infusion
tube and tubular electrode.

[0040] The two proximal mapping electrodes 40 are
mounted on the distal end of the non-conductive protec-
tive sheath 44, just proximal to the proximal end of the
tubular electrode’s exposed region 38a so that they are
generally collinear with the exposed region. In the de-
picted embodiment, each of the two proximal mapping
electrodes 40 comprises a ring electrode that is mounted
in surrounding relation to the non-conductive protective
sheath 44, although other electrode arrangements are
considered within the scope of the invention. The ring
electrodes can be made of any suitable material, and are
preferably made of platinum or platinum and iridium.
Eachring electrode can be mounted by any suitable tech-
nique, and is preferably mounted by first forming a hole
in the non-conductive protective sheath 44. An electrode
lead wire 50 is fed through the hole, and the ring electrode
is welded in place over the lead wire and non-conductive
protective sheath 44.

[0041] The two distal mapping electrodes 41 and 42
are mounted just distal to the distal end of the tubular
electrode’s exposed region 38a so that they are also gen-
erally collinear with the exposed region. In one embodi-
ment, the first distal mapping electrode 41, whichis closer
to the exposed region of the tubular electrode 38 than
the second distal mapping electrode 42, is a ring elec-
trode like the proximal mapping electrodes 40 discussed
above. The first distal mapping electrode 41 is mounted
on a short segment of non-conductive tubing 43 into
which the distal end of the tubular electrode 38 extends.
The first distal mapping electrode 41 preferably has a
length ranging from about 0.5 mm to about 2 mm, more
preferably from about 0.5 mm to about 1 mm.

[0042] As shown in FIGs. 3 and 4, the second distal
mapping electrode 42 is in the form of a ball that it mount-
ed at the distal tip of the electrode assembly 15. The ball
shape provides a design that is generally more atraumat-
ic than a standard generally-cylindrical tip electrode de-
sign. U.S. PatentNo. 6,371,955 discloses a catheter hav-
ing a non-retractable electrode assembly similar to the
presentinvention and having an atraumatic tip in the form
of an elongated covered coil or a generally-short plastic
ball, but only one distal mapping electrode. In use, it is
desirable to include a second distal mapping electrode
for bipolar mapping. However, as discussed above, such
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an arrangement can be undesirably long. The use of a
ball electrode in the present invention advantageously
combines the desirable atraumatic design with the de-
sired second distal mapping electrode to thereby reduce
the length of the electrode assembly. Typically, the min-
imum acceptable width for a ring electrode is about 0.5
mm, with the gap between two electrodes of a pair being
approximately 0.5 mm. By eliminating one of the distal
ring electrodes, the length of the electrode assembly can
be reduced by about 1 mm, which can be substantial
when maneuvering the electrode assembly within the
tight confines of the atrium.

[0043] FIG. 4 shows an exemplary construction of the
ball-shaped second distal mapping electrode 42. Specif-
ically, the electrode 42 has a generally-spherical distal
end 52 with a generally-cylindrical stem 54 extending
from the proximal end of the a generally-spherical distal
end. The stem 54 has a diameter smaller than that of the
generally-spherical distal end 52. The entire electrode
42, i.e., both the generally-spherical distal end 52 and
the stem 54 are made of an electrically-conductive ma-
terial, such as platinum, although the stem and/or a por-
tion of the generally-spherical distal end could be made
of a non-conductive material. As used herein, the term
"ball-shaped" to describe the second distal mapping elec-
trode is not limited to generally-spherical structures, but
includes egg-shaped structures and other elongated
structures having a generally-hemispherical distal end.

[0044] The stem 54 of the electrode 42 is received by
a cup-shaped plug 56 having a rim 58 at its distal end.
The proximal end of the plug 56 is mounted in the distal
end of the short segment of non-conductive tubing 43
and held in place with polyurethane glue or the like. The
proximal end of the plug 56 includes a small opening 60
through which an electrode lead wire 50 can be intro-
duced for electrical connection to the second distal map-
ping electrode 42. The lead wire 50 can be wrapped
around the stem 54 and soldered in place or otherwise
attachedto the electrode 42 in any other suitable manner.
[0045] Preferably the distance between the distal end
of the first distal mapping electrode 41 and the proximal
end of the second mapping electrode 42 (in the above-
described embodiment, the proximal end of the general-
ly-spherical distal end 52) ranges from about 0.5 mm to
about 2 mm, more preferably from about 0.5 mm to about
1 mm.

[0046] FIGs. 5 and 6 show an alternative embodiment
where both distal ring mapping electrodes are eliminated
and incorporated into a ball tip. This design can reduce
the length of the electrode assembly 15 about 2 mm. In
this design, a non-conductive ball-shaped tip 62 is pro-
vided at the distal end of the non-conductive tubing 43.
The non-conductive ball-shaped tip 62 includes a non-
conductive stem 64 that is received directly by the non-
conductive tubing, but could alternatively be received by
a plug as described above. As best shown in FIG. 6, two
slightly cup-shaped electrodes 66 are mounted on the
outside of the ball-shaped tip 62, preferably both on or
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near the side of the ball-shaped tip that faces away from
the catheter body 12. The cup-shaped electrodes 66 are
made of any suitable electrically-conductive material,
such as platinum. Two electrode lead wires 50 are sol-
dered or otherwise attached at their distal ends to the
two cup-shaped electrodes 66.

[0047] To make the ball tip, the entire assembly of the
ball-shaped tip 62 on which the cup-shaped electrodes
66 are mounted is covered with a non-conductive cover-
ing material (not shown), which can be a cured adhesive,
such as polyurethane, or a fused or heat-shrunk plastic,
such as pellethane or PEBAX. The non-conductive cov-
ering material provides a secure attachment of the sep-
arate cup-shaped electrodes 66 to the ball-shaped tip
62. A portion of the non-conductive covering material is
then selectively cut, scraped or otherwise removed to
expose the two distinct electrode elements 41 and 42.
[0048] The assembly of another alternative design is
depicted in FIG. 7. In this design, like the second embod-
iment described above, both distal mapping electrodes
41 and 42 are incorporated into the ball-shaped tip. With
this design, a standard ring electrode is first cut into two
electrode halves 67 (Step 1), and a non-conductive plate
68 is inserted between and bonded to the two halves
(Step 2). Electrode lead wires 50 are welded at their distal
ends to the inside of each electrode half 66 (Step 3). The
joined electrode halves 66 are mounted onto the distal
end of the short segment of non-conductive tubing 43
with the electrode lead wires inserted through the non-
conductive tubing and into the plastic sheath 80 (Step
4). Alternatively, the joined electrode halves can be
mounted directly over the tubular electrode 38 and/or pro-
tective sheath 80. A drop of polyurethane glue or the like
is dropped into the assembly of the electrode halves 67
and non-conductive plate 68 and allowed to cure into a
ball tip 69 (Step 5). By this design, the ball tip 69 includes
the tworing electrode halves 67, which form the two distal
electrodes 41 and 42, with the ring electrode halves form-
ing two generally semi-circular bands being mounted in
a generally circular arrangement relative to each other
with a non-conductive region between the bands. Pref-
erably the tworing electrode halves 67 are arranged such
that they both have a surface facing in the direction of
the exposed tubular electrode 38.

[0049] An electrode lead wire 50 is also attached to
the tubular electrode 38 for electrical connection to a suit-
able connector (not shown), which is attached to a source
of ablation energy, such as RF energy (not shown). In
the depicted embodiment, the electrode lead wire 50 is
wrapped around the proximal end of the tubular electrode
38 and soldered, welded or otherwise attached to the
electrode. The electrode lead wire 50 for the tubular elec-
trode 38 extends through the lead wire lumen 30 of the
distal shaft 14, through the central lumen 18 of the prox-
imal shaft 12, and through the control handle 16, and is
connected to a suitable source of ablation energy (not
shown) by means of an appropriate connector as is gen-
erally known in the art.
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[0050] In the depicted embodiment, a non-conductive
protective sheath 80 is provided along the outside of the
tubular electrode 38 for carrying the electrode lead wires
50 connected to the distal ring electrodes 41 and 42. The
protective sheath 80 extends generally parallel to the tu-
bular electrode 38 and is preferably attached to the tu-
bular electrode along the entire exposed portion 38b of
the tubular electrode. The protective sheath 80 is pref-
erably made of polyurethane, polyimide or other suitable
biocompatible plastic. In a preferred embodiment, the
protective sheath 80 is glued to the tubular electrode 38
with an adhesive such as the adhesive provided under
the trade mark Krazy Glue and tied in place using a mono-
filament or the like. (KRAZY GLUE is a trade mark which
may be registered in some countries.) The tubular elec-
trode 38 and protective sheath 80 are then covered with
a polyurethane glue or the like, with care being taken not
to cover the irrigation ports 39, and the monofilament is
removed after the polyurethane glue cures. The proximal
end of the protective sheath 80 extends into the non-
conductive protective sheath 44 and into the distal shaft
14 where it is glued in place with the proximal end of the
tubular electrode 38. Alternatively, the protective sheath
80 can be eliminated and the distal electrode lead wires
50 can extend through the tubular electrode 38, although
such wires can adversely affect the flow of irrigation fluid
through the tubular electrode.

[0051] Additionally, one or more temperature sensing
means are provided for the tubular electrode 38. Any
conventional temperature sensing means, e.g., a ther-
mocouple or thermistor, may be used. In the depicted
embodiment, two thermocouples 70 and 72 are provided.
Specifically, a distal thermocouple 70 is provided for
measurement distal to the exposed portion of the tubular
electrode 38, and a proximal thermocouple 72 is provided
for measurement proximal to the exposed portion of the
tubular electrode. The distal thermocouple 70 is mounted
inside the protective sheath 80 near the distal end of the
tubular electrode’s exposed region 38a. Similarly, the
proximal thermocouple 72 is mounted inside the protec-
tive sheath 80 near the proximal end of the tubular elec-
trode’s exposed region 38a.

[0052] Each thermocouple 70 and 72 is formed by a
wire pair. One wire of the wire pair is a copper wire, e.g.,
a number 38 copper wire, and the other wire of the wire
pair is a constantan wire, which gives support and
strength to the wire pair. The distal ends of the wires are
twisted together and glued within a short piece of plastic
tubing 73. The plastic tubing 73 is then glued, wedged
or otherwise held in place within the protective sheath
80. The thermocouple wires, along with the electrode
lead wires 50, extend through the protective sheath,
which as noted above is mounted in the distal end of the
distal shaft 14, and then into the leadwire lumen 30 within
the distal shaft. As would be recognized by one skilled
in the art, other temperature sensing designs can be
used, or the temperature sensors can be eliminated al-
together.
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[0053] The placement of the thermocouples in the de-
picted embodimentis particularly desirable because they
are located out of the irrigation zone, i.e., the region in
which the irrigation fluid primarily flows from the tubular
electrode 38 through the irrigation ports 39. The presence
of the fluid can reduce the accuracy of the tissue tem-
perature measurements by the thermocouples. Accord-
ingly, it is desirable to place the thermocouples or other
temperature sensing means as close as possible to the
tubular electrode 38 while outside the irrigation zone.
[0054] All of the electrode lead wires 50 and thermo-
couple wires 70 and 72 extend through the lead wire
lumen 30 in the distal shaft 14. Within the proximal shaft
12, the wires extend through a protective tubing 36 to
keep the wires from contacting other components ex-
tending through the central lumen 18. The protective tub-
ing 36 is preferably anchored at its distal end to the prox-
imal end of the distal shaft 14 by gluing it in the lead wire
lumen 30 with polyurethane glue orthe like. The electrode
lead wires 50 then extend out through the control handle
16 and to a suitable monitoring device or source of ab-
lation energy (not shown), as appropriate, via a suitable
connector (now shown), as is generally known in the art.
The thermocouple wires 70 and 72 similarly extend out
through the control handle 16 and to a connector (not
shown) connectable to a temperature monitor (not
shown).

[0055] The ball-shaped distal electrode 42 is prefera-
bly secured to the distal end of the catheter with a safety
wire 65. The distal end of the safety wire 65 is hooked
around the stem 54 and glued in place. The safety wire
65 extends through the protective sheath 80 and its prox-
imal end is wrapped around the proximal end of the tu-
bular electrode 38 and optionally soldered, glued or oth-
erwise attached in place. The proximal end of the safety
wire 65 can be secured to the catheter in any other suit-
able manner.

[0056] A puller wire 84 is provided for deflection of the
distal shaft 14. The puller wire 84 extends through the
proximal shaft 12, is anchored at its proximal end to the
control handle 16, and is anchored at its distal end to the
distal shaft 14. The puller wire 84 is made of any suitable
metal, such as stainless steel or Nitinol, and is preferably
coated with Teflon or the like. (TEFLON is a trade mark
which may be registered in some countries.) The coating
imparts lubricity to the puller wire 84.

[0057] A compression coil 86 is situated within the
proximal shaft 12 in surrounding relation to the puller wire
84. The compression coil 86 extends from the proximal
end of the proximal shaft 12 to the proximal end of the
distal shaft 14. The compression coil 86 is made of any
suitable metal, preferably stainless steel. The compres-
sion coil 86 is tightly wound on itself to provide flexibility,
i.e., bending, but to resist compression. The inner diam-
eter of the compression coil 86 is preferably slightly larger
than the diameter of the puller wire 84. The Teflon coating
on the puller wire 84 allows it to slide freely within the
compression coil 86. If desired, particularly if the lead
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wires 50 are not enclosed by a protective tubing 36, the
outer surface of the compression coil 86 is covered by a
flexible, non-conductive sheath 88, e.g., made of poly-
imide tubing, to prevent contact between the compres-
sion coil and any other wires within the proximal shaft 12.
[0058] The compression coil 86is anchored at its prox-
imal end to the outer wall 22 of the proximal shaft 12 by
proximal glue joint 90 and at its distal end to the distal
shaft 14 by distal glue joint 92. Both glue joints 90 and
92 preferably comprise polyurethane glue or the like. The
glue may be applied by means of a syringe or the like
through a hole made between the outer surface of the
proximal shaft 12 and the central lumen 18. Such a hole
may be formed, for example, by a needle or the like that
punctures the outer wall 22 of the proximal shaft 12 that
is heated sufficiently to form a permanent hole. The glue
is then introduced through the hole to the outer surface
of the compression coil 86 and wicks around the outer
circumference to form a glue joint about the entire cir-
cumference of the compression coil 86.

[0059] The puller wire 84 extends into the puller wire
lumen 32 of the distal shaft 14. Preferably the puller wire
84 is anchored at its distal end to the side of the shaft
14, as shown in FIGs. 8 to 10. A T-shaped anchor 98 is
formed which comprises a short piece of tubular stainless
steel 100, e.g., hypodermic stock, which is fitted over the
distal end of the puller wire 84 and crimped to fixedly
secure it to the puller wire. The distal end of the tubular
stainless steel 100 is fixedly attached, e.g., by welding,
to a stainless steel cross-piece 102 such as stainless
steel ribbon or the like. The cross-piece 102 sits in a
notch 104 in a wall of the flexible tubing 19 that extends
into the puller wire lumen 32 of the distal shaft 14. The
stainless steel cross-piece 102 is larger than the opening
and, therefore, cannot be pulled through the opening.
The portion of the notch 104 not filled by the cross-piece
102 is filled with glue 106 or the like, preferably a poly-
urethane glue, which is harder than the material of the
flexible tubing 19. Rough edges, if any, of the cross-piece
102 are polished to provide a smooth, continuous surface
with the outer surface of the flexible tubing 19. Within the
puller wire lumen 32 of the distal shaft 14, the puller wire
84 extends through a plastic, preferably Teflon®, puller
wire sheath 94, which prevents the puller wire 84 from
cutting into the wall of the distal shaft 14 when the distal
shaft is deflected. Any other suitable technique for an-
choring the puller wire 84 in the distal shaft 14 can also
be used.

[0060] Longitudinal movement of the puller wire 84 rel-
ative to the proximal shaft 12, which results in deflection
of the distal shaft 14, is accomplished by suitable manip-
ulation of the control handle 16. Examples of suitable
control handles for use in the present invention are dis-
closed, for example, in U.S. Patent Nos. Re 34,502 and
5,897,529, the entire disclosures of which are incorpo-
rated herein by reference.

[0061] Inuse, asuitable guiding sheath is inserted into
the patient. An example of a suitable guiding sheath for
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use in connection with the present invention is the Pref-
ace Braiding Guiding Sheath, commercially available
from Biosense Webster (Diamond Bar, California).
(PREFACE is a trade mark of Biosense Webster Inc.)
The distal end of the sheath is guided into one of the
atria. A catheter in accordance with the present invention
is fed through the guiding sheath until its distal end ex-
tends out of the distal end of the guiding sheath. As the
catheter is fed through the guiding sheath, the tubular
electrode 38 can be straightened to fit through the sheath,
and it will return to its original shape upon removal of the
sheath.

[0062] The proximal and/or distal mapping electrodes
are then used to measure electrical activity in the region
to be ablated and the generally-tubular ablation electrode
is used to form one or more continuous linear lesions by
ablation. As used herein, a linear lesion refers to any
lesion, whether curved or straight, between two anatom-
ical structures in the heart that is sufficient to block a
wavelet, i.e., forms a boundary for the wavelet. Anatom-
ical structures, referred to as "atrial trigger spots", are
those regions in the heart having limited or no electrical
conductivity and are described in Haissaguerre et al.,
"Spontaneous Initiation of Atrial Fibrillation by Ectopic
Beats Originating in the Pulmonary Veins", New England
Journal of Medicine, 339:659-666 (Sept. 3, 1998), the
disclosure of which is incorporated herein by reference.
The linear lesions typically have a length of from about
1 cm to about 4 cm, but can be longer or shorter as nec-
essary for a particular procedure. The thermocouples or
othertemperature sensing means can be used to monitor
the temperature of the tissue during ablation. The map-
ping, ablation and temperature measuring steps can be
performed in any desired order.

[0063] Inan alternative embodiment, the electrode as-
sembly further includes a location sensor (not shown) for
providing location information about the electrode as-
sembly. Such a design is disclosed in U.S. Patent Appli-
cation Publication No. 2004/0015164, entitled "Atrial Ab-
lation Catheter and Method for Treating Atrial Fibrilla-
tion", the disclosure of which is incorporated herein by
reference. Preferably the location sensor comprises a
magnetic-field-responsive coil, as described in U.S. Pat-
ent No. 5,391,199, or a plurality of such coils, as de-
scribed in International Publication WO 96/05758. The
plurality of coils enables six-dimensional position and ori-
entation coordinates to be determined. Alternatively, any
suitable position sensor known in the art may be used,
such as electrical, magnetic or acoustic sensors. Suitable
location sensors for use with the present invention are
also described, for example, in U.S. Patent Nos.
5,658,091, 5,443,489, 5,480,422, 5,546,951, and
5,568,809, and International Publication Nos. WO
95/02995, WO 97/24983, and WO 98/29033, the disclo-
sures of which are incorporated herein by reference.
[0064] If desired, two or more puller wires can be pro-
vided to enhance the ability to manipulate the intermedi-
ate section. In such an embodiment, a second puller wire
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and a surrounding second compression coil extend
through the proximal shaft and into an additional off-axis
lumen in the distal shaft. The first puller wire can be an-
chored proximal to the anchor location of the second pull-
er wire. Suitable designs of catheters having two or more
puller wires, including suitable control handles for such
embodiments, are described, for example, in U.S. Patent
Nos. 6,123,699, 6,171,277, 6,183,435, 6,183,463,
6,198,974, 6,210,407, and 6,267,746, the disclosures of
which are incorporated herein by reference.

[0065] The preceding description has been presented
with reference to presently preferred embodiments of the
invention. Workers skilled in the art and technology to
which this invention pertains will appreciate that altera-
tions and changes in the described structure may be
practised..

[0066] Accordingly, the foregoing description should
not be read as pertaining only to the precise structures
described and illustrated in the accompanying drawings,
but rather should be read consistent with and as support
to the following claims.

Claims

1. A catheter for ablating tissue, the catheter compris-
ing:

an elongated generally-tubular catheter body
(10) having proximal and distal ends and at least
one lumen extending therethrough; and

a non-retractable electrode assembly (15)
mounted at the distal end of the catheter body
(10), the electrode assembly (15) comprising:

a generally tubular ablation electrode (38)
formed of a material having shape-memory
having a generally straight exposed region
(38a) with proximal and distal ends and at
least one irrigation port (39) in the exposed
region through which fluid can pass from
the inside to the outside of the ablation elec-
trode, the exposed region being generally
transverse to the catheter body,

a tip at the distal end of the electrode as-
sembly comprising a generally ball-shaped
exposed region, and

first and second distal mapping electrodes
(41, 42, 66) mounted distal to the exposed
region of the ablation electrode, wherein at
least the first distal mapping electrode is in-
corporated into the generally ball-shaped
exposed region of the tip;

a proximal temperature sensor (72) mount-
ed near the proximal end of the exposed
region (38a) of the ablation electrode (38);
a distal temperature sensor (70) mounted
near the distal end of the exposed region
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(38a) of the ablation electrode (38);

a non-conductive protective tubing (80) ex-
tending generally parallel to and along the
outside of the exposed region (38a) of the
ablation electrode (38), wherein the proxi-
mal temperature sensor (72) and the distal
temperature sensor (70) are mounted within
protective tubing (80); and

means for introducing fluid into the tubular
electrode.

The catheter according to claim 1, wherein the sec-
ond distal mapping electrode is not incorporated into
the generally ball-shaped exposed region of the tip.

The catheter according to claim 1 or 2, further com-
prising a distal non-conductive tubing (43) at the dis-
tal end of the exposed region (38a) of the ablation
electrode (38), the distal non-conductive tubing (43)
having proximal and distal ends, wherein the second
distal mapping electrode comprises a ring electrode
mounted on the distal non-conductive tubing (43).

The catheter according to claim 3, wherein the tip
further comprises a stem (54) proximal to the gen-
erally ball-shaped exposed region (52), wherein the
stem (54) is mounted in the distal end of the distal
non-conductive tubing (43).

The catheter according to claim 2, wherein the gen-
erally ball-shaped exposed region of the tip consists
of a conductive material.

The catheter according to claim 2, wherein the gen-
erally ball-shaped exposed region of the tip has an
outer surface, the entire outer surface consisting of
a conductive material.

The catheter according to claim 2, wherein the gen-
erally ball-shaped exposed region of the tip has an
outer surface, wherein at least a portion of the outer
surface comprises a conductive material.

The catheter according to claim 1, further comprising
a distal non-conductive tubing (43) at the distal end
of the exposed region (38a) of the ablation electrode
(38), the distal non-conductive tubing (43) having
proximal and distal ends, wherein the second distal
mapping electrode comprises a ring electrode
mounted on the distal non-conductive tubing (43);
and wherein the generally ball-shaped exposed re-
gion of the tip (52) has an outer surface, at least a
portion of which comprises a conductive material,
and the tip further comprises a stem (54) proximal
to the generally ball-shaped exposed region (52),
wherein the stem (54) is mounted in the distal end
of the distal non-conductive tubing (43).
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The catheter according to claim 1, wherein the first
and second distal mapping electrodes (66) are in-
corporated into the generally ball-shaped exposed
region of the tip.

The catheter according to claim 9, wherein the gen-
erally ball-shaped exposed region of the tip has a
non-conductive outer surface and the first and sec-
ond distal mapping electrodes each comprise a gen-
erally cup-shaped conductive electrode (66) mount-
ed in surrounding relation to a portion of the non-
conductive outer surface of the generally ball-
shaped exposed region of the tip.

Patentanspriiche

1.

Katheter zur Ablation von Gewebe, wobei der Ka-
theter umfasst:

einen langlichen allgemein rohrférmigen Kathe-
terkorper (10) mit proximalen und distalen En-
den und mindestens einem sich dort hindurch
erstreckenden Lumen; und

eine nicht einfahrbare Elektrodenanordnung
(15), die an dem distalen Ende des Katheterkor-
pers (10) montiert ist, wobei die Elektrodenan-
ordnung (15) umfasst:

eine allgemein rohrférmige Ablationselek-
trode (38), die aus einem Material mit Form-
gedachtnis gebildet ist und eine allgemein
gerade freiliegende Region (38a) mit proxi-
malen und distalen Enden und mindestens
eine Berieselungsoéffnung (39) in der freilie-
genden Region aufweist, durch die Fluid
von der Innenseite zur AulRenseite der Ab-
lationselektrode laufen kann, wobei die frei-
liegende Region allgemein querzum Kathe-
terkorper verlauft,

eine Spitze an dem distalen Ende der Elek-
trodenanordnung, die eine allgemein kugel-
formige freiliegende Region umfasst, und
erste und zweite distale Mappingelektroden
(41, 42, 66), die distal zur freiliegenden Re-
gion der Ablationselektrode montiert sind,
wobei mindestens die erste distale Mappin-
gelektrode in die allgemein kugelférmige
freiliegende Region der Spitze eingebaut
ist;

einen proximalen Temperatursensor (72),
der in der Nahe des proximalen Endes der
freiliegenden Region (38a) der Ablations-
elektrode (38) montiert ist;

einen distalen Temperatursensor (70), der
in der Nahe des distalen Endes der freilie-
genden Region (38a) der Ablationselektro-
de (38) montiert ist;
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einen nichtleitenden Schutzschlauch (80),
der sich allgemein parallel zur und entlang
der Aullenseite der freiliegenden Region
(38a) der Ablationselektrode (38) erstreckt,
wobei der proximale Temperatursensor
(72) und der distale Temperatursensor (70)
in dem Schutzschlauch (80) montiert sind;
ein Mittel zum Einleiten von Fluid in die rohr-
formige Elektrode.

Katheter nach Anspruch 1, dadurch gekennzeich-
net, dass die zweite distale Mappingelektrode nicht
in die allgemein kugelférmige freiliegende Region
der Spitze eingebaut ist.

Katheter nach Anspruch 1 oder 2, ferner umfassend
einen distalen nichtleitenden Schlauch (43) am di-
stalen Ende der freiliegenden Region (38a) der Ab-
lationselektrode (38), wobei der distale nichtleitende
Schlauch (43) proximale und distale Enden aufweist,
wobei die zweite distale Mappingelektrode eine Rin-
gelektrode umfasst, die an dem distalen nichtleiten-
den Schlauch (43) montiert ist.

Katheter nach Anspruch 3, dadurch gekennzeich-
net, dass die Spitze ferner einen Zapfen (54) proxi-
mal zur allgemein kugelférmigen freiliegenden Re-
gion (52) umfasst, wobei der Zapfen (54) in dem di-
stalen Ende des distalen nichtleitenden Schlauches
(43) montiert ist.

Katheter nach Anspruch 2, dadurch gekennzeich-
net, dass die allgemein kugelférmige freiliegende
Region der Spitze aus einem leitfahigen Material be-
steht.

Katheter nach Anspruch 2, dadurch gekennzeich-
net, dass die allgemein kugelférmige freiliegende
Region der Spitze eine AuRenflache aufweist, wobei
die gesamte AuRRenflache aus einem leitfahigen Ma-
terial besteht.

Katheter nach Anspruch 2, dadurch gekennzeich-
net, dass die allgemein kugelférmige freiliegende
Region der Spitze eine AuRenflache aufweist, wobei
mindestens ein Teil der Auf3enflache ein leitfahiges
Material umfasst.

Katheter nach Anspruch 1, ferner umfassend einen
distalen nichtleitenden Schlauch (43) an dem dista-
len Ende der freiliegenden Region (38a) der Ablati-
onselektrode (38), wobei der distale nichtleitende
Schlauch (43) proximale und distale Enden aufweist,
wobei die zweite distale Mappingelektrode eine Rin-
gelektrode umfasst, die an dem distalen nichtleiten-
den Schlauch (43) montiert ist; und wobei die allge-
mein kugelférmige freiliegende Region der Spitze
(52) eine Aulienflache aufweist, wobei mindestens
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ein Teil davon ein leitfahiges Material umfasst, und
die Spitze ferner einen Zapfen (54) proximal zur all-
gemein kugelférmigen freiliegenden Region (52)
umfasst, wobei der Zapfen (54) in dem distalen Ende
des distalen nichtleitenden Schlauches (43) montiert
ist.

Katheter nach Anspruch 1, dadurch gekennzeich-
net, dass die ersten und zweiten distalen Mappin-
gelektroden (66) in die allgemein kugelférmige frei-
liegende Region der Spitze eingebaut sind.

Katheter nach Anspruch 9, dadurch gekennzeich-
net, dass die allgemein kugelférmige freiliegende
Region der Spitze eine nichtleitende Aufienflache
aufweist und die ersten und zweiten distalen Map-
pingelektroden jeweils eine allgemein becherférmi-
ge leitfahige Elektrode (66) umfassen, die in umge-
bender Beziehung zu einem Teil der nichtleitfahigen
AuBenflache der allgemein kugelférmigen freilie-
genden Region der Spitze montiert ist.

Revendications

1.

Cathéter pour I'ablation de tissu, le cathéter

comprenant :

M un corps de cathéter allongé et généralement
tubulaire (10) ayant des extrémités proximale et
distale et au moins une lumiére s’étendant a tra-
vers celui-ci ; et

B un ensemble électrode non rétractable (15)
monté sur I'extrémité distale du corps de cathé-
ter (10), 'ensemble électrode (15) comprenant :

B une électrode d’ablation généralement
tubulaire (38) formée d’'un matériau a mé-
moire de forme ayant une région exposée
généralement rectiligne (38a) avec des ex-
trémités proximale et distale et au moins un
orifice d’irrigation (39) dans la région expo-
sée a travers lequel un liquide peut passer
de lintérieur a l'extérieur de I'électrode
d’ablation, la région exposée étant généra-
lement perpendiculaire au corps du cathé-
ter,

B un embout situé a I'extrémité distale de
'ensemble électrode et comprenant une ré-
gion exposée généralement en forme de
bille, et

B des premiere et seconde électrodes de
mesure distales (41, 42, 66) montées de fa-
con distale par rapport a la région exposée
de I'électrode d’ablation, au moins la pre-
miére électrode de mesure distale étant in-
tégrée a la région exposée généralement
en forme de bille de I'embout ;
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W un capteur de température proximal (72) mon-
té a proximité de I'extrémité proximale de la ré-
gion exposée (38a) de I'électrode d’ablation
(38);

B un capteur de température distal (70) monté
a proximité de I'extrémité distale de la région
exposée (38a) de I'électrode d’ablation (38) ;
Hl une tubulure non conductrice (80) s’étendant
de fagon généralement paralléle a la partie ex-
térieure de la région exposée (38a) de I'électro-
de d’ablation (38) etle long de celle-ci, le capteur
de température proximal (72) et le capteur de
température distal (70) étant montés a l'intérieur
de la tubulure protectrice (80) ; et

B des moyens pour l'introduction d’un liquide
dans I'électrode tubulaire.

Cathéter selon la revendication 1, dans lequel la se-
conde électrode de mesure distale n’est pas intégrée
a la région exposée généralement en forme de bille
de 'embout.

Cathéter selon la revendication 1 ou 2, comprenant
en outre une tubulure non conductrice distale (43)
située a I'extrémité distale de la région exposée
(38a) de I'électrode d’ablation (38), la tubulure non
conductrice distale (43) ayant des extrémités proxi-
male et distale, dans lequel la seconde électrode de
mesure distale comprend une électrode anneau
montée sur la tubulure non conductrice distale (43).

Cathéter selon la revendication 3, dans lequel 'em-
bout comprend en outre une tige (54) proximale de
la région exposée généralement en forme de bille
(52), la tige (54) étant montée sur I'extrémité distale
de la tubulure non conductrice distale (43).

Cathéter selon la revendication 2, dans lequel la ré-
gion exposée généralement en forme de bille de
'embout est constituée d’'un matériau conducteur.

Cathéter selon la revendication 2, dans lequel la ré-
gion exposée généralement en forme de bille de
I'embout posséde une surface extérieure, la surface
extérieure étant entiérement constituée d’'un maté-
riau conducteur.

Cathéter selon la revendication 2, dans lequel la ré-
gion exposée généralement en forme de bille de
I'embout posséde une surface extérieure, au moins
une partie de la surface extérieure comprenant un
matériau conducteur.

Cathéter selon la revendication 1, comprenant en
outre une tubulure non conductrice distale (43) si-
tuée a I'extrémité distale de la région exposée (38a)
de I'électrode d’ablation (38), la tubulure non con-
ductrice distale (43) ayant des extrémités proximale
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et distale, dans lequel la seconde électrode de me-
sure distale comprend une électrode anneau mon-
tée sur la tubulure non conductrice distale (43) ; et
dans lequel la région exposée généralement en for-
me de bille de I'embout (52) comporte une surface
extérieure dont au moins une partie comprend un
matériau conducteur, et'embout comprend en outre
une tige (54) proximale de la région exposée géné-
ralement en forme de bille (52), la tige (54) étant
montée surl'extrémité distale de la tubulure non con-
ductrice distale (43).

Cathéter selon la revendication 1, dans lequel les
premiére et seconde électrodes de mesure distales
(66) sont intégrées a la région exposée générale-
ment en forme de bille de 'embout.

Cathéter selon la revendication 9, dans lequel la ré-
gion exposée généralement en forme de bille de
I’'embout comporte une surface extérieure non con-
ductrice et les premiére et seconde électrodes de
mesure distales comprennent chacune une électro-
de conductrice généralement en forme de coupelle
(66) montée de maniére a entourer une partie de la
surface extérieure non conductrice de la région ex-
posée généralement en forme de bille de 'embout.
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