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Description

BACKGROUND OF THE INVENTION

[0001] Radiofrequency (RF) ablation of cardiac and
other tissue is a well known method for creating thermal
injury lesions at the tip of an electrode. Radiofrequency
current is delivered between a skin (ground) patch and
the electrode. Electrical resistance at the electrode-tis-
sue interface results in direct resistive heating of a small
area, the size of which depends upon the size of the
electrode, electrode tissue contact, and current (density).
See Avitall B, Helms R. Determinants or Radiofrequency-
Induced Lesion Size in Huang SKS, Wilber DJ (eds.):
Radiofrequency Catheter Ablation of Cardiac Arrhythmi-
as: Basic Concepts and Clinical Applications, 2nd ed.
Armonk, NY, Futura Publishing Company, Inc., 2000:
47-80. Further tissue heating results from conduction of
heat within the tissue to a larger zone. Tissue heated
beyond a threshold of approximately 50-55°C is irrevers-
ibly injured (ablated). See Nath S, and Haines DE. Patho-
physiology of Lesion Formation by Radiofrequency Cath-
eter Ablation, in Huang SKS, Wilber DJ (eds.): Radiofre-
quency Catheter Ablation of Cardiac Arrhythmias: Basic
Concepts and Clinical Applications, 2nd ed. Armonk, NY,
Futura Publishing Company, Inc., 2000: 26-28.
[0002] Resistive heating is caused by energy absorp-
tion due to electrical resistance. Energy absorption is re-
lated to the square of current density and inversely with
tissue conductivity. Current density varies with conduc-
tivity and voltage and inversely with the square of radius
from the ablating electrode. Therefore, energy absorp-
tion varies with conductivity, the square of applied volt-
age, and inversely with the fourth power of radius from
the electrode. Resistive heating, therefore, is most heav-
ily influenced by radius, and penetrates a very small dis-
tance from the ablating electrode. The rest of the lesion
is created by thermal conduction from the area of resistive
heating. See Lin J, Physical Aspects of Radiofrequency
Ablation, in Huang SKS, Wilber DJ (eds.): Radiofrequen-
cy Catheter Ablation of Cardiac Arrhythmias: Basic Con-
cepts and Clinical Applications, 2nd ed. Armonk, NY, Fu-
tura Publishing Company, Inc., 2000: 14-17. This impos-
es a limit on the size of ablation lesions that can be de-
livered from a surface electrode.
[0003] Theoretical methods to increase lesion size
would include increasing electrode diameter, increasing
the area of electrode contact with tissue, increasing tis-
sue conductivity and penetrating the tissue to achieve
greater depth and increase the area of contact, and de-
livering RF until maximal lesion size has been achieved
(60-90 seconds for full maturation).
[0004] The electrode can be introduced to the tissue
of interest directly (for superficial/skin structures), surgi-
cally, endoscopically, laparascopically or using percuta-
neous transvascular (catheter-based) access. Catheter
ablation is a well-described and commonly performed
method by which many cardiac arrhythmias are treated.

See Miller J M, Zipes D P. Management of the Patient
with Cardiac Arrhythmias. In Braunwald E, Zipes D. Libby
P (eds): Heart Disease: A Textbook of Cardiovascular
Medicine, 6th Ed. Philadelphia, PA, W.B. Saunders Com-
pany, 2001: p742-752. Needle electrodes have been de-
scribed for percutaneous or endoscopic ablation of solid-
organ tumours, lung tumours, and abnormal neurologic
structures. See, for example, McGahan J P, Schneider
P, Brock J M, Tesluk H. Treatment of Liver Tumors by
Percutaneous Radiofrequency Electrocautery. Semi-
nars in Interventional Radiology 1993; 10: 143-149; Ros-
si S, Fornari F, Buscarini L. Percutaneous Ultrasound-
Guided Radiofrequency Electrocautery for the Treatment
of Small Hepatocellular Carcinoma. J Intervent Radiol
1993; 8: 97-103; and Livraghi T, Goldberg S N, Lazzaroni
S, Meloni F, Monti F, Solbiati L. Saline-enhanced RF tis-
sue ablation in the treatment of liver Metastases. Radi-
ology 1995; 197(P): 140 (abstr)].
[0005] Catheter ablation is sometimes limited by insuf-
ficient lesion size. See de Bakker J M T, van Capelle F
J L, Janse M J et al. Macroreentry in the infarcted human
heart: mechanism of ventricular tacycardias with a "focal"
activation pattern. J Am Coll Cardiol 1991; 18:1005-1014,
Kaltenbrunner W, Cardinal R, Dubuc M et al. Epicardial
and endocardial mapping of ventricular tachycardia in
patients with myocardial infarction. Is the origin of the
tachycardia always subendocardially localized? Circula-
tion 1991; 84: 1058-1071. Stevenson W G, Friedman P
L, Sager P T et al. Exploring postinfarction reentrant ven-
tricular tachycardia with entrainment mapping. J Am coll
Cardiol 1997; 29: 1180-1189. Ablation of tissue from an
endovascular approach results not only in heating of tis-
sue, but of heating of the electrode. When the electrode
reaches critical temperatures, denaturation of blood pro-
teins causes coagulum formation. Impedance can then
rise and limit current delivery. Within tissue, overheating
can cause evaporation of tissue or blood water and steam
bubble formation (steam "pops") with risk of uncontrolled
tissue destruction or undesirable perforation of bodily
structures. In cardiac ablation, clinical success is some-
times hampered by inadequate lesion depth and trans-
verse diameter even when using catheters with active
cooling of the tip. See Soejima K, Delacretaz E, Suzuki
M et al. Saline-cooled versus standard radiofrequency
catheter ablation for infarct-related ventricular tachycar-
dias. Circulation 2001; 103: 1858-1862. Theoretical so-
lutions have included increasing the electrode size (in-
creasing contact surface and increasing convective cool-
ing by blood flow), improving electrode-tissue contact,
actively cooling the electrode with fluid infusion. changing
the material composition of the electrode to improve cur-
rent delivery to tissue, and pulsing current delivery to
allow intermittent cooling.
[0006] Needle electrodes improve contact with tissue
and allow deep penetration of current delivery to areas
of interest. Ablation may still be hampered by the small
surface area of the needle electrode such that heating
occurs at low power, and small lesions are created.
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[0007] Additionally, it is desirable to map the electrical
activity in the heart before, during or after ablation. If the
mapping can be performed with the same catheter used
for ablation, the user avoids the need for catheter ex-
change. Moreover, it is desirable to include a mapping
assembly on the catheter comprising a plurality of elec-
trodes that can be used to simultaneously map electrical
activity at different positions within the heart to provide
more efficient mapping.
[0008] US-A-5 938 694 discloses an electrode array
catheter for mapping and ablation, the catheter compris-
ing a tip electrode for both RF ablation and mapping, and
a number of axially extending, radially outwardly curved
electrode arms for mapping.

SUMMARY OF THE INVENTION

[0009] The present invention addresses the above
concerns by providing a catheter that creates enhanced
lesions using a needle electrode and can simultaneously
map electrical activity at a plurality of points using an
enhanced mapping assembly. The catheter comprises
an elongated catheter body having at least one lumen
extending longitudinally therethrough. A needle control
handle is provided at the proximal end of the catheter
body. A needle electrode assembly extends through the
catheter body and needle control handle and has a prox-
imal end attached to the needle control handle and a
distal end within the distal end of the catheter body. A
mapping assembly is mounted at the distal end of the
catheter body and comprises at least two flexible spines.
Each spine has a proximal end attached at the distal end
of the catheter body and a free distal end. Each spine
carries at least one electrode. The distal end of the needle
electrode assembly is extendable past the proximal end
of the mapping assembly upon manipulation of the nee-
dle control handle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features and advantages of
the present invention will be better understood by refer-
ence to the following detailed description when consid-
ered in conjunction with the accompanying drawings
wherein:

FIG. 1 is a side plan view of an embodiment of a
catheter of the present invention.
FIG. 2A is a side cross-sectional view of the needle
control handle where the needle electrode assembly
is in a retracted position.
FIG. 2B shows areas A, B and C of FIG. 2A.
FIG. 3 is a schematic side cross-sectional view of
the distal end of the distal shaft, including the prox-
imal end of the mapping assembly.
FIG. 4 is a side cross-sectional view of the thermo-
couple mounted in the needle electrode assembly.
FIG. 5 is a side cross-sectional view of the catheter

body, including the junction between the proximal
shaft and the distal shaft.
FIG. 6 is an end cross-sectional view of the distal
shaft of the catheter body shown in FIG. 5 along line
6-6.
FIG. 7 is an end cross-sectional view of the proximal
shaft of the catheter body shown in FIG. 5 along line
7-7.
FIG. 8 is a side view of a mapping assembly accord-
ing to the invention.
FIG. 9 is a perspective view of a support structure
according to the present invention.
FIG. 10 is a side cross sectional view of a portion of
the catheter tip section showing one means for at-
taching the puller wire.
FIG. 11 is a top cross sectional views of a preferred
puller wire anchor.
FIG. 12 is a side cross sectional views of the puller
wire anchor of FIG. 11.

DETAILED DESCRIPTION

[0011] As shown in FIG. 1, the catheter 10 comprises
an elongated catheter body 12 having a proximal shaft
13 and a distal shaft 14, a mapping assembly 15 mounted
at the distal end of the distal shaft, a deflection control
handle 16 attached to the proximal end of the proximal
shaft, and a needle control handle 17 attached indirectly
to the catheter body proximal to the deflection control
handle.
[0012] With reference to FIGs. 5 and 7, the proximal
shaft 13 comprises a single, central or axial lumen 18.
The proximal shaft 13 is flexible, i.e., bendable, but sub-
stantially non-compressible along its length. The proxi-
mal shaft 13 may be of any suitable construction and
made of any suitable material. A presently preferred con-
struction comprises an outer wall 22 made of poly-
urethane or nylon. The outer wall 22 comprises an im-
bedded braided mesh of stainless steel or the like to in-
crease torsional stiffness of the proximal shaft 13 so that,
when the deflection control handle 16 is rotated, the distal
shaft 14 of the catheter 10 will rotate in a corresponding
manner.
[0013] The outer diameter of the proximal shaft 13 is
not critical, but is preferably no more than about 8 French.
Likewise the thickness of the outer wall 22 is not critical.
In the depicted embodiment, the inner surface of the outer
wall 22 is lined with a stiffening tube 20, which can be
made of any suitable material, preferably polyimide. The
stiffening tube 20, along with the braided outer wall 22,
provides improved torsional stability while at the same
time minimizing the wall thickness of the catheter, thus
maximizing the diameter of the single lumen. The outer
diameter of the stiffening tube 20 is about the same as
or slightly smaller than the inner diameter of the outer
wall 22.
[0014] As shown in FIGs. 5 and 6, the distal shaft 14
comprises a short section of tubing 19 having three lu-
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mens, namely an infusion lumen 30, a puller wire lumen
32 and a lead wire lumen 34. The tubing 19 is made of
a suitable non-toxic material that is preferably more flex-
ible than the proximal shaft 13. A presently preferred ma-
terial for the tubing 19 is braided polyurethane, i.e., poly-
urethane with an embedded mesh of braided stainless
steel or the like. The outer diameter of the distal shaft 14,
like that of the proximal shaft 13, is preferably no greater
than about 8 French.
[0015] A preferred means for attaching the proximal
shaft 13 to the distal shaft 14 is illustrated in FIG. 5. The
proximal end of the distal shaft 14 comprises an inner
counter bore 24 that receives the outer surface of the
stiffener 20. The distal shaft 14 and proximal shaft 13 are
attached by glue or the like. Other methods for attaching
the proximal shaft 13 to the distal shaft 14 can be used
in accordance with the invention.
[0016] The stiffening tube 20 is held in place relative
to the outer wall 22 at the proximal shaft 13. In a preferred
construction of the proximal shaft 13, a force is applied
to the proximal end of the stiffening tube 20, which causes
the distal end of the stiffening tube 20 to Firmly push
against the counter bore 24. While under compression,
a first glue joint is made between the stiffening tube 20
and the outer wall 22 by a fast drying glue, e.g. Super
Glue®. Thereafter a second glue joint is formed between
the proximal ends of the stiffening tube 20 and outer wall
22 using a slower drying but stronger glue, e.g., poly-
urethane.
[0017] The depicted catheter includes a mechanism
for deflecting the distal shaft 14 of the catheter body 12.
In the depicted embodiment, a puller wire 42 extends into
the puller wire lumen 32 of the distal shaft 14. The puller
wire 42 is anchored at its proximal end to the deflection
control handle 16 and anchored at its distal end to the
distal shaft 14. The puller wire 42 is made of any suitable
metal, such as stainless steel or Nitinol, and is preferably
coated with Teflon® or the like. The coating imparts lu-
bricity to the puller wire 42. The puller wire 42 preferably
has a diameter ranging from about 0.015 to about 0.025
cm (0.006 to about 0.010 inches).
[0018] Referring to FIG. 5, the compression coil 44 ex-
tends from the proximal end of the proximal shaft 13 to
the proximal end of the distal shaft 14. The compression
coil 44 is made of any suitable metal, preferably stainless
steel. The compression coil 44 is tightly wound on itself
to provide flexibility, i.e., bending, but to resist compres-
sion. The inner diameter of the compression coil 44 is
preferably slightly larger than the diameter of the puller
wire 42. For example, when the puller wire 42 has a di-
ameter of about 0.018 cm (0.007 inches), the compres-
sion coil 44 preferably has an inner diameter of about
0.02 cm (0.008 inches). The Teflon® coating on the puller
wire 42 allows it to slide freely within the compression
coil 44. Along its length, the outer surface of the com-
pression coil 44 is covered by a flexible, non-conductive
sheath 26 to prevent contact between the compression
coil 44 and any of the lead wires 129 or needle electrode

assembly 46. A non-conductive sheath 26 made of poly-
imide tubing is presently preferred. As shown in FIG. 5,
the compression coil 44 is anchored at its proximal end
to the proximal end of the stiffening tube 20 in the proximal
shaft 13 by glue to form a glue joint 50 and at its distal
end to the distal shaft 14 in the puller wire lumen 32.
[0019] The puller wire 42 extends into the puller wire
lumen 32 of the distal shaft 14. Preferably the puller wire
42 is anchored at its distal end to the side of the distal
shaft 14, as shown in FIGs. 10 to 12. In this embodiment,
a T-shaped anchor 93 is formed which comprises a short
piece of tubular stainless steel 94, e.g., hypodermic
stock, which is fitted over the distal end of the puller wire
42 and crimped to fixedly secure it to the puller wire. The
distal end of the tubular stainless steel 94 is fixedly at-
tached, e.g., by welding, to a stainless steel cross-piece
96, such as stainless steel ribbon or the like. The cross-
piece 96 sits in a notch 98 in a wall of the distal shaft 14
that extends into the second lumen 32. The stainless
steel cross-piece 96 is larger than the notch 98 and,
therefore, cannot be pulled through the notch. The por-
tion of the notch 98 not filled by the cross-piece 96 is
filled with glue or the like, preferably a polyurethane glue,
which is harder than the material of the distal shaft 14.
Rough edges, if any, of the cross-piece 96 are polished
to provide a smooth, continuous surface with the outer
surface of the distal shaft 14.
[0020] With further reference to FIG. 5, within the distal
shaft 14, and distal to the glue joint 50, the turns of the
compression coil are expanded longitudinally. Such ex-
panded turns 49 are both bendable and compressible
and preferably extend for a length of about 0.5 inch. The
puller wire 42 extends through the expanded turns 49
then into a plastic, preferably Teflon®, sheath 81, which
prevents the puller wire from cutting into the wall of the
distal shaft 14 when the distal shaft is deflected.
[0021] Any other suitable technique for anchoring the
puller wire 42 in the distal shaft 14 can also be used.
Alternatively, other means for deflecting the distal region
can be provided, such as the deflection mechanism de-
scribed in U.S. Patent No. 5,531,686.
[0022] Longitudinal movement of the puller wire 42 rel-
ative to the catheter body 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,
5,897,529 and 6,575,931.
[0023] If desired, the catheter can include two or more
puller wires (not shown) to enhance the ability to manip-
ulate the distal shaft 14. In such an embodiment, a sec-
ond puller wire and a surrounding second compression
coil extend through the proximal shaft 13 and into sepa-
rate off-axis lumens (not shown) in the distal shaft. Suit-
able deflection control handles for use with a catheter
having more than one puller wire are described in U.S.
Patent Nos. 6,123,699, 6,171,277, and 6,183,463.
[0024] As shown in FIG. 3, a needle electrode assem-
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bly 46 is provided. The needle electrode assembly 46 is
used to ablate tissue while simultaneously injecting sa-
line or other fluid to conduct the ablation energy, thereby
creating a theoretic increase in the effective size of the
electrode. The needle electrode assembly 46 is extend-
able and retractable, and may be moved by manipulation
of the needle control handle 17, as described further be-
low. FIG. 3 depicts the needle electrode assembly 46 in
an extended position as it would be to ablate tissue. The
distal end of the needle electrode assembly 46 may be
withdrawn into the infusion lumen 30 to avoid injury, par-
ticularly during the time that the catheter is inserted
through the vasculature of the body and during the time
in which the catheter is removed from the body.
[0025] The needle electrode assembly 46 comprises
a proximal tubing 33 joined, directly or indirectly, to a
generally rigid, electrically-conductive distal tubing 35,
as shown in FIG. 3. The generally rigid nature of the distal
tubing 35 allows it to pierce tissue in order to increase its
effectiveness during ablation. In an exemplary embodi-
ment, the distal tubing 35 is formed of Nitinol or stainless
steel, and, as illustrated in FIG. 3, is preferably formed
with a beveled edge 36 at the distal tip of the needle
electrode assembly 46 to enhance its ability to pierce
tissue. The proximal tubing 33 is preferably more flexible
than the distal tubing 35 to allow the proximal tubing to
bend as necessary with the flexible proximal shaft 13 of
the catheter body 12, for instance when the catheter is
inserted into the vasculature of the body. The proximal
tubing 33 of the needle electrode assembly 46 is prefer-
ably made of polyimide or polyether etherketone (PEEK),
but can be made of any other suitable biocompatible ma-
terial, such as plastic or metal.
[0026] A needle electrode lead wire 210 is electrically
connected at its distal end to the electrically-conductive
distal tubing 35 for supplying radio frequency energy or
other suitable ablation energy to the distal tubing. The
needle electrode lead wire 210 is soldered, welded or
otherwise attached to the outside of the distal tubing 35,
but could be attached elsewhere to the distal tubing. The
proximal end of the needle electrode lead wire 210 is
attached to a suitable connector 67, which in turn is con-
nected to a suitable source of ablation energy (not
shown).
[0027] Additionally, a temperature sensor is provided
for measuring the temperature of the tissue being ablated
by the needle electrode assembly 46 before, during or
after ablation. Any conventional temperature sensor,
e.g., a thermocouple or thermistor, may be used. In the
depicted embodiment, the temperature sensor compris-
es a thermocouple 200 formed by an enameled wire pair,
as best shown in FIG. 4. One wire of the wire pair is a
copper wire 202, e.g., a number 40 copper wire. The
other wire of the wire pair is a constantan wire 204. The
wires 202 and 204 of the wire pair are electrically isolated
from each other except at their distal ends, where they
are twisted together, covered with a short piece of plastic
tubing 206, e.g., polyimide, and covered with epoxy. The

plastic tubing 206 is then glued or otherwise attached to
the inside wall of the distal tubing 35 of the needle elec-
trode assembly 46, as best shown in FIG. 3. The proximal
ends of the wires 202 and 204 extend out the proximal
end of the distal tubing 35 and are attached to an appro-
priate connector (not shown) connectable to a suitable
temperature monitor (not shown). In an alternative em-
bodiment, the copper wire 202 of the thermocouple can
also be used as the lead wire for the needle electrode
assembly 46.
[0028] The proximal tubing 33 of the needle electrode
assembly 46 extends from the needle control handle 17,
through the deflection control handle 16, through the
proximal shaft 13, and into the infusion lumen 30 of the
distal shaft 14. The proximal end of the distal tubing 35
is spaced slightly from the distal end of the proximal tub-
ing 33 and extends through the infusion lumen 30 of the
distal shaft 14. The proximal and distal tubings 33 and
35 are mounted, preferably coaxially, within an outer
plastic tube 48. The outer plastic tube 48 can be glued
or otherwise attached to the proximal and distal tubings
to form a single structure that, as described below, is
longitudinally moveable relative to the catheter body 12.
The outer plastic tube 48 extends through the catheter
body 12 with the proximal tubing and protects the needle
electrode lead wire 210 and thermocouple wires 202 and
204, which extend between the proximal tubing 33 and
outer plastic tube 48, when the needle electrode assem-
bly 46 is moved relative to the catheter body. The needle
electrode lead wire 210 and thermocouple wires 202 and
204 extend out through a hole (not shown) in the outer
plastic tube 48 within the deflection control handle 16
and are attached to appropriate connectors, as noted
above.
[0029] FIG. 3 shows one arrangement for joining the
outer plastic tube 48 to the proximal and distal tubings
33 and 35. Specifically, a small piece of plastic tubing
45, for example, polyimide tubing, is placed over the dis-
continuity between the proximal and distal tubings 33 and
35 and attached to the proximal and distal tubings by
polyurethane glue or the like to form a single infusion
passage through which saline or other fluid can pass from
the proximal tubing to the distal tubing. The small piece
of plastic tubing 45 helps to protect the thermocouple
wires 202 and 204 and the needle electrode lead wire
210. A small, preferably non-conductive, spacer 43 is
mounted between the distal tubing 35 and the distal end
of the outer plastic tube 48, and optionally glued in place.
The spacer 43 prevents bodily fluid from entering into the
distal end of the needle electrode assembly 46.
[0030] In an exemplary embodiment, the proximal tub-
ing 33 of the needle electrode assembly 46 has an inner
diameter of 0.036 cm (0.014 inch) and an outer diameter
of 0.04 cm (0.016 inch). The distal tubing 35 has an inner
diameter of 0.036 cm(0.014 inch) and an outer diameter
of 0.046 cm (0.018 inch) and a length of about 2.54 cm
(1.0 inch). Further, the distal tubing 35 extends past the
distal end of the distal shaft 14 about 14 mm. The small
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plastic tubing 45 has an inner diameter of 0.056 cm (0.022
inch) and an outer diameter of 0.061 cm (0.024), the outer
plastic tube 48 has an inner diameter of 0.064 cm (0.025
inch) and an outer diameter of 0.089 cm (0.035 inch),
and the plastic spacer 43 has an inner diameter of 0.043
cm (0.017 inch) and an outer diameter of 0.061 cm (0.024
inch).
[0031] Within the catheter body 12, the needle elec-
trode assembly 46, comprising the proximal tubing 33,
distal tubing 35, spacer 43, plastic tubing 45 and outer
plastic tube 48, is slidably mounted, preferably coaxially,
within a protective tube 47 that is stationary relative to
the catheter body. The protective tube 47, which is pref-
erably made of polyimicle, serves to prevent the needle
electrode assembly 46 from buckling during extension
and retraction of the needle electrode assembly relative
to the catheter body 12. The protective tube 47 addition-
ally serves to provide a fluid-tight seal surrounding the
needle electrode assembly 46. Within the deflection con-
trol handle 16, the protective tube 47 and needle elec-
trode assembly 46 extend into a protective shaft 66,
which is preferably made of polyurethane.
[0032] Other needle electrode assembly designs are
contemplated within the scope of the invention. For ex-
ample, the needle electrode assembly can comprise a
single electrically-conductive tube, such as a Nitinol tube,
that extends from the needle control handle 17 to the
distal end of the catheter. Such a design is described in
U.S. Patent Application No. 09/711,648, entitled "Injec-
tion Catheter with Needle Electrode," see published EP-
A-1205156.
[0033] Longitudinal movement of the needle electrode
assembly 46 is achieved using the needle control handle
17. The needle electrode assembly 46 and protective
tube 47 extend from the deflection control handle 16 to
the needle control handle 17 within the protective shaft
66.
[0034] As illustrated in FIG. 2A, in one embodiment
the needle control handle 17 comprises a generally cy-
lindrical outer body 80 having proximal and distal ends,
a piston chamber 82 extending a part of the way there-
through, and a needle passage 83 extending a part of
the way therethrough. The piston chamber 82 extends
from the proximal end of the handle part way into the
body 80, but does not extend out the distal end of the
body. The needle passage 83, which has a diameter less
than that of the piston chamber 82, extends from the
distal end of the piston chamber to the distal end of the
outer body 80.
[0035] A piston 84, having proximal and distal ends, is
slidably mounted within the piston chamber 82. A proxi-
mal fitting 86 is mounted in and fixedly attached to the
proximal end of the piston 84. The proximal fitting 86
includes a tubular distal region 87 that extends distally
from the main body of the proximal fitting. The piston 84
has an axial passage 85 through which the proximal tub-
ing 33 of the needle electrode assembly 46 extends, as
described in more detail below. A compression spring 88

is mounted within the piston chamber 82 between the
distal end of the piston 84 and the outer body 80. The
compression spring 88 can either be arranged between
the piston 84 and outer body 80, or can have one end in
contact with or fixed to the piston, while the other end is
in contact with or fixed to the outer body.
[0036] The proximal tubing 33, outer plastic tube 48,
protective tube 47 and protective shaft 66 extend from
the deflection control handle 16 into the distal end of the
needle passage 83, as best shown in AREA A of FIG.
2A. Within the needle passage 83, the proximal tubing
33, outer plastic tube 48, protective tube 47 and protec-
tive shaft 66 extend into a first metal tube 90, which is
preferably made of stainless steel. If desired, the first
metal tube 90 could instead be made of a rigid plastic
material. The first metal tube 90 is secured to the outer
body 80 of the needle control handle 17 by a set screw
101 or any other suitable means. The protective shaft 66
terminates at its proximal end within the first metal tube
90.
[0037] A second metal tube 91 is provided with its distal
end mounted, preferably coaxially, inside the proximal
end of the first metal tube 90 and with its distal end abut-
ting the proximal end of the protective shaft 66. The sec-
ond metal tube 91 is fixed in place relative to the first
metal tube 90 by the set screw 101. The second metal
tube 91, like the first metal tube 90, could alternatively
be made of a rigid plastic material.
[0038] The proximal end of the second metal tube 91
is mounted, preferably coaxially, around the distal end
of the tubular distal region 87 of the proximal fitting 86,
with the second metal tube being longitudinally movable
relative to the tubular distal region 87. Accordingly, when
the piston 84 is moved distally relative to the outer body
80, the tubular distal region 87 moves distally into the
second metal tube 91. As shown in AREA B of FIG. 2A,
the proximal tubing 33 and outer plastic tube 48 extend
through the second metal tube 91 and into the tubular
distal region 87 of the proximal fitting 86. The outer plastic
tube 48 terminates in and is fixedly attached to the prox-
imal fitting 86 to thereby attach the outer plastic tube, and
thus the needle electrode assembly 46, to the piston 84.
Within the proximal fitting 86, the proximal tubing 33 ex-
tends out of the outer plastic tube 48 and into a first pro-
tective sheath 31, as shown in AREA C of FIG. 2A, and
is connected to a luer connector 65, which is connected
to an irrigation pump or other suitable fluid infusion source
(not shown), as is known in the art. Similarly, the needle
electrode lead wire 210 and the thermocouple wires 202
and 204 extend out of the outer plastic tube 48 and into
a second protective sheath 29, as also shown in AREA
C of FIG. 2A, which is connected to a suitable connector
67, such as a 10-pin electrical connector, for connecting
the needle electrode lead wire to a source of ablation
energy and the thermocouple wires to a suitable moni-
toring system.
[0039] In use, force is applied to the piston 84 to cause
distal movement of the piston relative to the outer body
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80, which compresses the compression spring 88. This
movement causes the needle electrode assembly 46 to
correspondingly move distally relative to the outer body
80, protective shaft 66, protective tube 47, proximal shaft
13, and distal shaft 14 so that the distal tubing 35 of the
needle electrode assembly extends outside the distal end
of the distal shaft. When the force is removed from the
piston 84, the compression spring 88 pushes the piston
proximally to its original position, thus causing the distal
tubing 35 of the needle electrode assembly 46 to retract
back into the distal end of the distal shaft 14. Upon distal
movement of the piston 84, the tubular distal region 87
of the proximal fitting 86 moves distally into the second
metal tube 91 to prevent the proximal tubing 33 and the
outer plastic tube 48 of the needle electrode assembly
46 from buckling within the axial passage 85.
[0040] The piston 84 further comprises a longitudinal
slot 100 extending along a portion of its outer edge. A
securing means 102, such as a set screw, pin, or other
locking mechanism, extends through the outer body 80
and into the longitudinal slot 100. This design limits the
distance that the piston 84 can be slid proximally out of
the piston chamber 82. When the needle electrode as-
sembly 46 is in the retracted position, preferably the se-
curing means 102 is at or near the distal end of the lon-
gitudinal slot 100.
[0041] The proximal end of the piston 84 has a thread-
ed outer surface 104. A circular thumb control 106 is
rotatably mounted on the proximal end of the piston 84.
The thumb control 106 has a threaded inner surface 108
that interacts with the threaded outer surface 104 of the
piston. The thumb control 106 acts as a stop, limiting the
distance that the piston 84 can be pushed into the piston
chamber 82, and thus the distance that the needle elec-
trode assembly 46 can be extended out of the distal end
of the catheter. The threaded surfaces of the thumb con-
trol 106 and piston 84 allow the thumb control to be
moved closer or farther from the proximal end of the outer
body 80 so that the extension distance of the needle elec-
trode assembly 46 can be controlled by the physician. A
securing means, such as a tension screw 110 is provided
in the thumb control 106 to control the tension between
the thumb control and piston 84. As would be recognized
by one skilled in the art, the thumb control 106 can be
replaced by any other mechanism that can act as a stop
for limiting the distance that the piston 84 extends into
the piston chamber 82, and it is not necessary, although
it is preferred, that the stop be adjustable relative to the
piston.
[0042] As noted above, the mapping assembly 15 is
mounted on the distal end of the distal shaft 14. With
reference to FIGs. 3 and 8, the mapping assembly 15
comprises two or more flexible spines 118. Each spine
118 has a proximal end attached to the distal end of the
catheter body 12 and a free distal end, i.e., the distal end
is not attached to any of the other spines, to the catheter
body, or to any other structure that confines movement
of the distal end of that spine. As will be recognized by

one skilled in the art, the number of spines 118 can vary
as desired depending on the particular application, so
that the mapping assembly 15 has at least two spines,
preferably at least three spines, more preferably at least
five spines and as many as eight or more spines. The
spines 118 are moveable between an expanded arrange-
ment, wherein, for example, each spine arcs outward
from the distal end of the catheter body 12, as shown in
FIG. 8, and a collapsed arrangement (not shown), where-
in, for example, each spine is disposed generally along
a longitudinal axis of the catheter body so that the spines
are capable of fitting within a lumen of a guiding sheath.
As described in more detail below, each spine 118 carries
at least one electrode, preferably a ring electrode, such
that when the spines are positioned in contact with heart
tissue, each spine is capable of obtaining electrical and
mechanical data.
[0043] In the embodiment shown in FIG. 8, the map-
ping assembly 15 includes five spines 118, and each
spine has a pre-formed configuration in which the spine
arcs outwardly from the catheter body 12. However, other
spine shapes and configurations are contemplated within
the invention. With reference to FIG. 3, each spine 118
comprises a support arm 124 and a non-conductive cov-
ering 134 in surrounding relation to the support arm 124.
The support arm 124 comprises a metal or plastic mate-
rial that has shape memory, such that the support arm
forms an initial shape (i.e., part of the expanded config-
uration) when no external forces are applied, forms a
deflected shape (e.g., part of the collapsed configuration)
when external force is applied, and returns to its initial
shape when the external force is released. In one em-
bodiment, each support arm 124 comprises a superelas-
tic material, for example, a nickel-titanium alloy such as
nitinol. In a preferred embodiment, the non-conductive
covering 134 comprises a biocompatible plastic tubing,
such as polyurethane or polyimide tubing. The non-con-
ductive covering 134 may be glued to the support arm
124 or attached indirectly by being glued to the distal end
of the distal tubing 35. The non-conductive covering 134
may be attached to the support arm 124 by any other
suitable method.
[0044] As noted above, each spine 118 carries at least
one electrode mounted along its length. In the depicted
embodiment, four ring electrodes 125 are mounted on
the non-conductive covering 134 of each spine 118, but
fewer or additional ring electrodes may be used as de-
sired. Each ring electrode 125 has a length preferably
up to about 2 mm, more preferably from about 0.5 mm
to about 1 mm. Preferably the ring electrodes 125 are
generally evenly-spaced along the length of each spine
118.
[0045] Each ring electrode 125 is electrically connect-
ed to an electrode lead wire 129, which in turn is electri-
cally connected to a connector (not shown), which can
be incorporated into the deflection control handle 16 or
provided outside of the catheter. The connector is con-
nected to an appropriate mapping or monitoring system
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(not shown). Each electrode lead wire 129 extends from
the connector, through the deflection control handle 16,
through the central lumen 18 in the proximal shaft 13 of
the catheter body 12, through the lead wire lumen 34 of
the distal shaft 14, and into the non-conductive covering
134 of one of the spines 118, where it is attached to its
corresponding ring electrode 125. Within the proximal
shaft 13 and deflection control handle 16, the lead wires
129 extend through a protective tube 70, which can be
eliminated if desired.
[0046] Each lead wire 129, which includes a non-con-
ductive coating over almost all of its length, is attached
to its corresponding ring electrode 125 by any suitable
method. An exemplary method for attaching a lead wire
129 to a ring electrode 125 involves first making a small
hole through an outer wall of the non-conductive covering
134. Such a hole can be created, for example, by insert-
ing a needle through the non-conductive covering 134
and heating the needle sufficiently to form a permanent
hole. The lead wire 129 is then drawn through the hole
by using a microhook or the like. The end of the lead wire
129 is then stripped of any coating and welded to the
underside of the ring electrode 125, which is then slid
into position over the hole and fixed in place with poly-
urethane glue or the like. Alternatively, each ring elec-
trode 125 may be formed by wrapping the lead wire 129
around the non-conductive covering 134 a number of
times and stripping the lead wire of its own non-conduc-
tive coating on its outwardly facing surfaces. In such an
instance, the lead wire 129 functions as a ring electrode.
[0047] In the depicted embodiment, two of the spines
118 each carry a marker band 130 to help the user identify
the orientation of the mapping assembly 15 under fluor-
osropy. Each marker band 130 comprises a metal ring
(e.g., a ring electrode not attached to a lead wire) of suf-
ficient radiopacity. The marker bands 130 may be placed
along any part of the spine 118, as long as they are not
in contact with any of the ring electrodes 125. Preferably,
a first marker band 130a is placed on a first spine 118a
between the most proximal ring electrode 125a and the
distal shaft 14, and a second marker band 130b is placed
on a second spine 118b between the most proximal ring
electrode 125a and the second most proximal ring elec-
trode 125b.
[0048] In the depicted embodiment, the spines 118 of
the mapping assembly 15 are supported and given their
desired shape by a support structure 120 comprising a
base 122 and plurality of support arms 124 extending
from the base, as best shown in FIG. 9. The base 122 of
the support structure 120 is generally cylindrically shaped
for mounting over the distal end of the tubing 19 of the
distal shaft 14. The support arms 124 each have a prox-
imal end attached to the base 122 and a free distal end,
as described above. The number of support arms 124
on the support structure corresponds to the desired
number of spines 118 on the mapping assembly, and in
the depicted embodiment is five.
[0049] In a preferred embodiment, the support struc-

ture 120 is manufactured from a single metal tube, and
thus has a unitary structure. In a particularly preferred
embodiment, the support structure 120 is manufactured
from a nickel-titanium alloy, for instance, Nitinol. Prefer-
ably, the base is a right circular cylinder and has a diam-
eter slightly larger than the distal end of the distal shaft 14.
[0050] In the depicted embodiment, each support arm
124 is tapered slightly from its proximal end to its distal
end, which allows for greater distal flexibility while main-
taining the desired curvature at the proximal end. Each
support arm 124 also includes a disc-shaped tip 127,
which provides more surface area for the distal end of
the support arm 124 to be glued to its corresponding non-
conductive covering 134.
[0051] During assembly, the base 122 of the support
structure 120 is mounted over the distal end of the tubing
19 of the distal shaft 14. Non-conductive coverings 134
are introduced over the support arms 124 to form the
spines 118 of the mapping assembly 15. After the ring
electrodes 125 are mounted on the spines 118 as de-
scribed above and the other desired components are as-
sembled within the catheter, a piece of tubular plastic
208 is mounted over the base 122 of the support structure
120 and optionally glued in place. The piece of tubular
plastic 208 also covers the proximal ends of the non-
conductive coverings 134.
[0052] Other methods and structures for forming and
supporting the mapping assembly are within the scope
of the invention. An example of an alternative design for
the mapping assembly according to the invention is de-
scribed in US 2003/0125614 A, entitled "Catheter Having
Multiple Spines Each Having Electrical, Mapping and Lo-
cation Sensing Capabilities".
[0053] In the depicted embodiment, as shown in FIG.
3, the catheter further includes at least one location sen-
sor 140. The location sensor 140 is used to determine
the coordinates of the mapping assembly 15 at each in-
stant when the mapping assembly 15 is being used to
collect one or more electrical mapping data points. As a
result, both electrical and locational data can be obtained
for each data point that is mapped. In the depicted em-
bodiment, a single location sensor 140 is mounted in the
distal end of the distal shaft 14 within the cylindrical base
122 of the support structure 120. Alternatively, the cath-
eter can include multiple location sensors 140. one
mounted within each spine 118 of the mapping assembly
15, as described in US 2003/0125614 A, entitled "Cath-
eter Having Multiple Spines Each Having Electrical, Map-
ping and Location Sensing Capabilities".
[0054] The location sensor 140 is connected to a cor-
responding sensor cable 74. The sensor cable 74 ex-
tends, along with the lead wires 129, through the lead
wire lumen 34 of the distal shaft 14, and through the prox-
imal shaft 13 within the protective tube 70 and then into
the deflection control handle 16 and out of the proximal
end of the deflection control handle within an umbilical
cord (not shown) to a sensor control module (not shown)
that houses a circuit board (not shown). Alternatively, the
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circuit board can be housed within the control handle 16,
for example, as described in U.S. Patent No. 6,024,739.
The sensor cable 74 comprises multiple wires encased
within a plastic covered sheath. In the sensor control
module, the wires of the sensor cable 74 are connected
to the circuit board. The circuit board amplifies the signal
received from the location sensor 140 and transmits it to
a computer in a form understandable by the computer
by means of a sensor connector at the proximal end of
the sensor control module. Also, because the catheter is
designed for single use only, the circuit board preferably
contains an EPROM chip that shuts down the circuit
board approximately twenty-four hours after the catheter
has been used. This prevents the catheter, or at least
the location sensor 140, from being used twice.
[0055] Preferably the location sensor 140 is an elec-
tromagnetic location sensor. For example, the location
sensor 140 may comprise a magnetic-field-responsive
coil, as described in U.S. Patent No. 5,391,199, or a plu-
rality of such coils, as described in International Publica-
tion WO 96/05758. The plurality of coils enables the six-
dimensional coordinates (i.e. the three positional and the
three orientational coordinates) of the location sensor
140 to be determined. Alternatively, any suitable location
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. 5,558,091, 5,443,489,
5,480,422, 5,546,951, and 5,568,809, International Pub-
lication Nos. WO 95/02995, WO 97/24983, and WO
98/29033, and US 2003/0006759 A entitled "Position
Sensor Having Core with High Permeability Material".
[0056] Using this technology, the physician can visu-
ally map a heart chamber. This mapping is done by ad-
vancing the distal shaft 14 into a heart chamber until con-
tact is made with the heart wall. This position is recorded
and saved. The distal shaft 14 is then moved to another
position in contact with the heart wall and again the po-
sition is recorded and saved.
[0057] The location sensor 140 can be used alone or
more preferably in combination with the ring electrodes
125. By combining the locution sensor 140 and elec-
trodes 125, a physician can simultaneously map the con-
tours or shape of the heart chamber, the electrical activity
of the heart, and the extent of displacement of the cath-
eter and hence identify the presence and location of the
ischemic tissue. Specifically, the location sensor 125 is
used to monitor the precise location of the distal end of
the catheter in the heart and the extent of catheter dis-
placement. The ring electrodes 125 are used to monitor
the strength of the electrical signals at that location.
[0058] 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
practiced without departing from the scope of this inven-
tion as defined in the appended claims.

Claims

1. An injection catheter comprising:

an elongated catheter body (12) having at least
one lumen extending longitudinally
therethrough ;
a needle control handle (17) at the proximal end
of the catheter body;
a needle electrode assembly (46) extending
through the catheter body and needle control
handle and having a proximal end attached to
the needle control handle and a distal end,
wherein the distal end is within the distal end of
the catheter body when the needle electrode as-
sembly is in a retracted position; and
a mapping assembly (15), having proximal and
distal ends, mounted at the distal end of the cath-
eter body and comprising at least two flexible
spines (118), each spine having a proximal end
attached at the distal end of the catheter body
and a free distal end, wherein each spine carries
at least one electrode;
wherein the distal end of the needle electrode
assembly is extendable past the proximal end
of the mapping assembly upon manipulation of
the needle control handle.

2. The catheter of claim 1, wherein each spine com-
prises a non-conductive covering (134) in surround-
ing relation to a support arm (124) that has shape
memory disposed therein.

3. The catheter of claim 2, wherein each support arm
comprises Nitinol.

4. The catheter of claim 1, wherein the mapping as-
sembly is moveable between an expanded arrange-
ment, in which each spine extends radially outward
from the catheter body, and a collapsed arrange-
ment, in which each spine is disposed generally
along a longitudinal axis of the catheter body.

5. The catheter of claim 4, wherein, when the mapping
assembly is in its expanded arrangement, each
spine extends radially outwardly from the catheter
body and forms an arced shape.

6. The catheter of claim 1, wherein the mapping as-
sembly comprises at least five spines.

7. The catheter of claim 1, further comprising an elec-
trode lead wire (210) having a first end electrically
connected to the needle electrode assembly and a
second end electrically connected to a source of ab-
lation energy.

8. The catheter of claim 1, wherein the needle electrode
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assembly comprises a distal tubing (35) having prox-
imal and distal ends and comprising an electrically
conductive material and a proximal tubing (33) com-
prising a material more flexible than the distal tubing
and having a distal end attached, directly or indirect-
ly, to the proximal end of the distal tubing.

9. The catheter of claim 8, wherein the distal tubing
comprises metal and the proximal tubing comprises
plastic.

10. The catheter of claim 8, wherein the distal tubing
comprises Nitinol or stainless steel.

11. The catheter of claim 8, wherein the proximal tubing
comprises polyimide or PEEK.

12. The catheter of claim 8, wherein the distal end of the
distal tubing forms a beveled edge (36).

13. The catheter of claim 8, wherein the needle electrode
assembly further comprises an intermediate tubing
(45) joining the proximal and distal tubings.

14. The catheter of claim 8, wherein the needle electrode
assembly further comprises an outer plastic tubing
(48) joining attached, directly or indirectly, to the
proximal and distal tubings so that the outer plastic
tubing is moveable with the proximal and distal tub-
ings relative to the catheter body.

15. The catheter of claim 14 further comprising an elec-
trode tend wire (210) having a first end electrically
connected to the needle electrode assembly and a
second end electrically connected to a source of ab-
lation energy, wherein the electrode lead wire is fix-
edly attached to the distal tubing and extends within
the outer plastic tubing and outside the proximal tub-
ing

16. The catheter of claim 8, further comprising a tem-
perature sensor (200) mounted within the distal tub-
ing.

17. The catheter of claim 1, further comprising a tem-
perature sensor mounted in or around the needle
electrode assembly.

Patentansprüche

1. Injektionskatheter, mit:

einem länglichen Katheterkörper (12), der we-
nigstens ein Lumen hat, welches sich in Längs-
richtung durch diesen erstreckt;
einem Nadelsteuergriff (17) an dem proximalen
Ende des Katheterkörpers;

einer Nadelelektrodenanordnung (46), die sich
durch den Katheterkörper und den Nadelsteu-
ergriff erstreckt und die ein proximales Ende,
welches an dem Nadelsteuergriff befestigt ist,
und ein distales Ende hat, wobei das distale En-
de innerhalb des distalen Endes des Katheter-
körpers liegt, wenn die Nadelelektrodenanord-
nung in einer zurückgezogenen Position ist; und
einer Abbildungsanordnung (15) mit einem pro-
ximalen und einem distalen Ende, die an dem
distalen Ende des Katheterkörpers angeordnet
ist und wenigstens zwei flexible Speichen (118)
aufweist, wobei jede Speiche ein proximales En-
de, das an dem distalen Ende des Katheterkör-
pers befestigt ist, und ein freies distales Ende
hat, wobei jede Speiche wenigstens eine Elek-
trode trägt;
wobei das distale Ende der Nadelelektrodenan-
ordnung beim Handhaben des Nadelsteuer-
griffs über das proximale Ende der Abbildean-
ordnung ausfahrbar ist.

2. Katheter nach Anspruch 1, bei dem jede Speiche
eine nicht leitende Abdeckung (134) aufweist, die
einen Trägerarm (124) umgibt, der Formgedächtnis
hat.

3. Katheter nach Anspruch 2, bei dem jeder Trägerarm
Nitinol aufweist.

4. Katheter nach Anspruch 1, bei dem die Abbildean-
ordnung zwischen einer ausgebreiteten Anordnung,
in der sich jede Speiche radial von dem Katheterkör-
per nach außen erstreckt, und einer anliegenden An-
ordnung, in der jede Speiche im allgemeinen entlang
einer Längsachse des Katheterkörpers angeordnet
ist, bewegbar ist.

5. Katheter nach Anspruch 4, bei dem, wenn die Ab-
bildeanordnung in ihrer ausgebreiteten Anordnung
ist, jede Speiche sich radial von dem Katheterkörper
nach außen erstreckt und eine gebogene Form bil-
det.

6. Katheter nach Anspruch 1, bei dem die Abbildean-
ordnung wenigstens fünf Speichen aufweist.

7. Katheter nach Anspruch 1, weiter mit einer Elektro-
denleitung (210) mit einem ersten Ende, das elek-
trisch mit der Nadelelektrodenanordnung verbunden
ist, und einem zweiten Ende, das elektrisch mit einer
Quelle für Ablationsenergie verbunden ist.

8. Katheter nach Anspruch 1, bei dem die Nadelelek-
trodenanordnung ein distales Rohr (35), das ein pro-
ximales und ein distales Ende hat und ein elektrisch
leitendes Material aufweist, und ein proximales Rohr
(33), das ein Material aufweist, welches flexibler ist
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als das des distalen Rohres, und dessen distales
Ende direkt oder indirekt an dem proximalen Ende
des distalen Rohres befestigt ist, aufweist.

9. Katheter nach Anspruch 8, bei dem das distale Rohr
Metall aufweist und das proximale Rohr Kunststoff
aufweist.

10. Katheter nach Anspruch 8, bei dem das distale Rohr
Nitinol oder rostfreien Stahl aufweist.

11. Katheter nach Anspruch 8, bei dem das proximale
Rohr Polyimid oder PEEK aufweist.

12. Katheter nach Anspruch 8, bei dem das distale Ende
des distalen Rohres eine abgeschrägte Kante (36)
bildet.

13. Katheter nach Anspruch 8, bei dem die Nadelelek-
trodenanordnung weiter ein zwischengeschaltetes
Rohr (45) aufweist, welches das proximale und das
distale Rohr verbindet.

14. Katheter nach Anspruch 8, bei dem die Nadelelek-
trodenanordnung weiter ein äußeres Kunststoffrohr
(48) aufweist, das direkt oder indirekt fest an dem
proximalen und dem distalen Rohr angebracht ist,
so daß das äußere Kunststoffrohr mit dem proxima-
len und dem distalen Rohr relativ zu dem Katheter-
körper bewegbar ist.

15. Katheter nach Anspruch 14, weiter mit einer Elek-
trodenleitung (210) mit einem ersten Ende, das elek-
trisch mit der Nadelelektrodenanordnung verbunden
ist, und einem zweiten Ende, das elektrisch mit einer
Quelle für Ablationsenergie verbunden ist, wobei die
Elektrodenleitung fest an dem distalen Rohr ange-
bracht ist und sich innerhalb des äußeren Kunststoff-
rohres und außerhalb des proximalen Rohres er-
streckt.

16. Katheter nach Anspruch 8, weiter mit einem Tem-
peratursensor (200), der innerhalb des distalen Roh-
res angeordnet ist.

17. Katheter nach Anspruch 1, weiter mit einem Tem-
peratursensor, der in der oder um die Nadelelektro-
denanordnung angeordnet ist.

Revendications

1. Cathéter d’injection comprenant :

un corps de cathéter allongé (12) ayant au moins
une lumière s’étendant longitudinalement à
l’intérieur ;
une poignée de commande d’aiguille (17) au ni-

veau de l’extrémité proximale du corps de
cathéter ;
un ensemble d’électrode d’aiguille (46) s’éten-
dant dans le corps de cathéter et la poignée de
commande d’aiguille et ayant une extrémité
proximale reliée à la poignée de commande
d’aiguille et une extrémité distale, dans lequel
l’extrémité distale se trouve dans l’extrémité dis-
tale du corps de cathéter lorsque l’ensemble
d’électrode d’aiguille se trouve dans une posi-
tion rétractée ; et
un ensemble de cartographie (15) ayant des ex-
trémités proximale et distale, monté au niveau
de l’extrémité distale du corps de cathéter et
comprenant au moins deux épines flexibles
(118), chaque épine ayant une extrémité proxi-
male reliée au niveau de l’extrémité distale du
corps de cathéter et une extrémité distale libre,
dans lequel chaque épine porte au moins une
électrode ;
dans lequel l’extrémité distale de l’ensemble
d’électrode d’aiguille peut s’étendre au-delà de
l’extrémité proximale de l’ensemble de cartogra-
phie lors de la manipulation de la poignée de
commande d’aiguille.

2. Cathéter selon la revendication 1, dans lequel cha-
que épine comprend un revêtement non conducteur
(134) entourant un bras de support (124) qui possè-
de une mémoire de forme disposée à l’intérieur.

3. Cathéter selon la revendication 2, dans lequel cha-
que bras de support comprend du Nitinol.

4. Cathéter selon la revendication 1, dans lequel l’en-
semble de cartographie est mobile entre un état
étendu, dans lequel chaque épine s’étend radiale-
ment vers l’extérieur depuis le corps du cathéter, et
un état replié, dans lequel chaque épine est disposée
généralement le long d’un axe longitudinal du corps
de cathéter.

5. Cathéter selon la revendication 4, dans lequel, lors-
que l’ensemble de cartographie se trouve dans son
état étendu, chaque épine s’étend radialement vers
l’extérieur depuis le corps du cathéter et forme un
arc.

6. Cathéter selon la revendication 1, dans lequel l’en-
semble de cartographie comprend au moins cinq
épines.

7. Cathéter selon la revendication 1, comprenant en
outre un fil d’électrode (210) ayant une première ex-
trémité électriquement reliée à l’ensemble d’électro-
de d’aiguille et une seconde extrémité électrique-
ment reliée à une source d’énergie d’ablation.
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8. Cathéter selon la revendication 1, dans lequel l’en-
semble d’électrode d’aiguille comprend un tube dis-
tal (35) ayant des extrémités proximale et distale et
comprenant un matériau électriquement conducteur
et un tube proximal (33) comprenant un matériau
plus flexible que le tube distal et ayant une extrémité
distale reliée, directement ou indirectement, à l’ex-
trémité proximale du tube distal.

9. Cathéter selon la revendication 8, dans lequel le tube
distal comprend du métal et le tube proximal com-
prend du plastique.

10. Cathéter selon la revendication 8, dans lequel le tube
distal comprend du Nitinol ou de l’acier inoxydable.

11. Cathéter selon la revendication 8, dans lequel le tube
proximal comprend un polyimide ou du PEEK.

12. Cathéter selon la revendication 8, dans lequel l’ex-
trémité distale du tube distal forme un bord biseauté
(36).

13. Cathéter selon la revendication 8, dans lequel l’en-
semble d’électrode d’aiguille comprend en outre un
tube intermédiaire (45) joignant les tubes proximal
et distal.

14. Cathéter selon la revendication 8, dans lequel l’en-
semble d’électrode d’aiguille comprend en outre un
tube en plastique externe (48) relié de manière fixe,
directement ou indirectement, aux tubes proximal et
distal de telle sorte que le tube en plastique externe
soit mobile avec les tubes proximal et distal par rap-
port au corps du cathéter.

15. Cathéter selon la revendication 14, comprenant en
outre un fil d’électrode (210) ayant une première ex-
trémité électriquement reliée à l’ensemble d’électro-
de d’aiguille et une seconde extrémité électrique-
ment reliée à une source d’énergie d’ablation, dans
lequel le fil d’électrode est relié de manière fixe au
tube distal et s’étend dans le tube en plastique ex-
terne et à l’extérieur du tube proximal.

16. Cathéter selon la revendication 8, comprenant en
outre un capteur de température (200) monté dans
le tube distal.

17. Cathéter selon la revendication 1, comprenant en
outre un capteur de température monté dans ou
autour de l’ensemble d’électrode d’aiguille.
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