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SYSTEM AND METHOD FOR TARGETING

CATHETER ELECTRODES
BACKGROUND
[0001] 1. Field of the Invention
[0002] Theinvention relates to the systems and methods for
guiding, steering and advancing an invasive medical device in
a patient.
[0003] 2. Description of the Related Art

[0004] In cardiac electrophysiological procedures, map-
ping catheters are used to define the geometry of a coronary
chamber and map its surface electrocardiogram. Mapping
catheters contain an array of electrodes which are used for
position location and sensing the surface electrical activity.
For sensing electrical activity, these electrodes are either used
individually or in differential pairs, depending upon the type
of sensory hardware available. When the surface has been
fully mapped, a mapping catheter is often used in conjunction
with an ablation catheter to locate and deliver therapeutic
treatment at specific locations. The mapping catheter is
returned to the area of interest, and the electrogram at each
electrode or electrode pair is observed on the data recorder to
determine the precise location along the mapping catheter for
treatment. The ablation catheter is then guided independently
to that location to deliver radiofrequency energy. Unfortu-
nately, mapping of the heart chamber using prior art systems
is a time-consuming process that increases the cost and risk of
ablation procedures. The mapping process is complicated by
the fact that the walls of a beating heart, not stationary, and the
surgeon using traditional mapping catheters, does not have
adequate control of the distal end of the catheter.

SUMMARY

[0005] The system and method described herein solve these
and other problems by incorporating algorithms in a catheter
guidance and control system that allows the operator to
specify a target location as either a mapping catheter elec-
trode, another location on the mapping catheter, or a mapping
catheter electrode electrogram. The mapping process
includes moving a catheter about a coronary chamber to
define the average location of the walls and the electrical
activity of the nerves within those walls during the heartbeat
cycle.

[0006] The catheter guidance system then uses this live
moving location to guide the therapeutic ablation catheter to
this location or to tissue contact (e.g., where the tip of the
catheter maintains relatively continuous contact with the sur-
face of the heart chamber wall throughout the heartbeat cycle)
near this location. This is done to increase the accuracy of
targeting tissue contact at the location which is not possible
with the targeting of a static geometric map. In one embodi-
ment, the moving location corresponds to a Cartesian point on
a geometric map which represents the average position of the
tissue location that passes through that point.

[0007] In one embodiment, a spiral mapping catheter is
manually positioned against the tissue surface. In one
embodiment, a spiral mapping catheter includes a type of
mapping catheter with a plurality of electrodes arranged
along its coiled distal end. In one embodiment, the spiral
mapping catheter can include five or more electrodes, ten or
more electrodes, twenty or more electrodes, 50 or more elec-
trodes, etc. In one embodiment, one or more of the electrodes
involve a conductive ring on the catheter. The electrodes can
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be wired through the catheter line to the position detection
and heart electrogram sensing hardware.

[0008] Manual controls are provided to adjust the amount
of coil to make it larger or smaller, as well as to bend the
assembly back and forth during the manual mapping process.
[0009] A magnetically-guided ablation catheter is intro-
duced into the chamber to be used to deliver therapeutic
energy. The an ablation catheter can be used in an ablation
procedure to apply energy (e.g., radio frequency electrical) to
a specific location within the heart is to necrotize (kill) tissue
and block neural conduction pathways as to eliminate elec-
trical signals that are the cause of cardiac arrhythmias. In a
magnetic guidance system, a magnet (either a permanent
magnet and/or an electromagnet) is provided to the distal end
of the catheter and the distal end is then guided into position
by a system of electromagnets external to the patient.

[0010] The catheter guidance control and imaging system
is given the location of the distal electrode of the spiral map-
ping catheter as the desired position for the distal tip of the
ablation catheter. The catheter guidance control and imaging
system moves the ablation catheter distal tip into contact with
the distal electrode of the spiral catheter. As the spiral catheter
electrode moves, the catheter guidance system adjusts the
ablation catheter location to maintain contact with that elec-
trode.

[0011] In one embodiment, the catheter guidance control
and imaging system moves the catheter tip into contact with
the distal electrode of the spiral catheter and then moves the
distal tip of the catheter past the spiral catheter electrode until
continuous contact is made between the catheter tip and the
chamber wall.

[0012] In one embodiment, the operator selects the target
electrode on the spiral catheter by positioning the mouse
cursor over the electrode and double-clicking the left mouse
button. The catheter guidance and control system continu-
ously sends this electrode’s live position as a target position
for automatic guidance to automatically advance, steer and/or
push a catheter toward a desired position.

[0013] In one embodiment, the operator selects the target
electrode on the spiral catheter by positioning the mouse
cursor over the electrode’s electrogram trace and double-
clicking the left mouse button. The associated electrode’s live
position is used as target for automatic guidance.

[0014] In one embodiment, the operator selects a target
electrode pair on the spiral catheter by selecting the electrode
pair’s electrogram trace. The catheter guidance and control
system continuously sends the average position of the elec-
trode pair as the desired position.

[0015] In one embodiment, the operator selects a location
between electrodes by positioning the mouse cursor over a
location on the mapping catheter and double-clicking the
mouse button. The catheter guidance and control system con-
tinuously sends an interpolated position between the adjacent
electrode pairs as the desired position.

[0016] In one embodiment, the operator may target tissue
contact on a specific side of a mapping catheter by selecting a
side preference cursor which appears when the mouse cursor
is in close proximity to the mapping catheter.

[0017] In one embodiment, catheter guidance includes
introducing a mapping catheter into a patient, moving the
mapping catheter within the patient to bring an electrode
provided to the mapping catheter in contact with tissues at
various locations to generate a desired map, identifying a
target location from the map and placing an electrode of the
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mapping catheter proximate to the target location, introduc-
ing a therapeutic catheter into the patient and guiding the
therapeutic catheter to a location of the electrode. In one
embodiment, the therapeutic catheter is moved past the loca-
tion of the electrode. In one embodiment, the mapping cath-
eter is guided using magnetic fields. In one embodiment, the
therapeutic catheter is guided using magnetic fields.

[0018] One embodiment includes a system for catheter
guidance having a mapping catheter having at least one elec-
trode proximate to a distal end of the mapping catheter, thera-
peutic catheter, a first catheter guidance and control system
that moves the mapping catheter to bring the at least one
electrode in contact with tissues at various locations to gen-
erate a desired map, and a second catheter guidance and
control system that moves a distal end portion of the thera-
peutic catheter to a location of the at least one electrode. In
one embodiment, the therapeutic catheter includes an abla-
tion catheter. In one embodiment, the second catheter guid-
ance and control system includes a magnetic guidance and
control system that uses a plurality of electromagnets to con-
trol a position of a magnet provided to a distal end of the
therapeutic catheter. In one embodiment, the first catheter
guidance and control system comprises a magnetic guidance
and control system that uses a plurality of electromagnets to
control a position of a magnet provided to a distal end of the
mapping catheter. In one embodiment, the second catheter
guidance and control system automatically moves a distal end
portion of the therapeutic catheter to a location of the at least
one electrode

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1isanillustration of an ablation catheter, spiral
catheter and the catheter guidance and control elements.
[0020] FIG. 2 is an illustration of a set of catheter electrode
electrogram traces.

[0021] FIG. 3 is an illustration of an ablation catheter in
contact with a spiral catheter electrode.

[0022] FIG. 4 is an illustration of an ablation catheter tip
moving beyond a spiral catheter electrode in order to acquire
tissue contact near that electrode.

DETAILED DESCRIPTION

[0023] FIG. 1 shows a distal end of a spiral mapping cath-
eter 4 and a distal end of an ablation catheter 1. The mapping
catheter 4 includes a plurality of electrodes including an
electrode 4.1 disposed at or near the distal end of the catheter
4, an electrode 4.2 disposed at a position on the catheter 4 less
distal than the electrode 4.1, etc. The ablation catheter 1 is
introduced into a coronary chamber via a sheath (or intro-
ducer) 2. The sheath (or introducer) 2 includes a tube which is
inserted through a vein or other pathway or orifice into the
heart. Catheters, wires and/or fluids can be introduced into the
heart chamber through this tube.

[0024] Inone embodiment, the tip of the ablation catheter 1
contains a magnetically-doped core element and sensory
electrodes. The magnetic indicator 3 displays the current
direction of the magnetic field that is guiding the catheter tip.
A spiral mapping catheter 4 is introduced into the chamber
and manually guided by levers on its handle (e.g., at the
proximal end, not shown) to a desired location. The operator
uses a mouse cursor 5 to double-click on a representation of
the distal electrode 4.1 of the spiral catheter 4 to command the
catheter guidance control and imaging system to guide the
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ablation catheter 1 to the spiral catheter electrode 4.1. The
operator may also select any location between locations, such
as between the distal 4.1 and second electrode 4.2 and a
linearly interpolated position will be sent to the catheter guid-
ance control and imaging system.

[0025] FIG. 2 is an illustration of a set of catheter electrode
electrogram traces 6. In one embodiment, the electrogram
configured as a time versus amplitude plot of the electrical
potential as measured at a specific point on, or in the body.
Electrograms for each electrode pair can be displayed on the
mapping system and/or on a separate ECG system.

[0026] Alternately to the process described in FIG. 1, the
operator can use the mouse to double-click on a spiral map-
ping catheter’s electrogram trace to command the catheter
guidance, control and imaging system to guide the ablation
catheter to that spiral catheter electrode or electrode pair. In
this alternate embodiment, the operator selects the distal pair
of spiral catheter electrodes 6.1 and the ablation catheter is
guided to an average location between the distal electrode 4.1
and second electrode 4.2.

[0027] FIG. 3 shows the ablation catheter 1 in contact with
a spiral catheter electrode where the ablation catheter 1 has
been guided into contact with the spiral mapping catheter’s
distal electrode 4.1. The live electrode position of the catheter
tip and the live electrode position of the distal spiral catheter
electrode can be continuously synchronized by the catheter
guidance and control system.

[0028] FIG. 4 shows the ablation catheter 1 moving beyond
the spiral catheter electrode 4.1 in order to acquire tissue
contact near that electrode. The operator has elected to auto-
matically guide the ablation catheter 1 past the spiral catheter
distal electrode 4.1 until tissue contact is made on the outside
of the spiral catheter 4. The operator has used the side pref-
erence cursor 7 to select the side preference which moved the
desired position that side of the spiral catheter electrode 4.1.

[0029] The words used in this specification to describe the
invention and its various embodiments are to be understood
not only in the sense of their commonly defined meanings, but
to include by special definition in this specification structure,
material or acts beyond the scope of the commonly defined
meanings. Thus, if an element can be understood in the con-
text of this specification as including more than one meaning,
then its use in a claim must be understood as being generic to
all possible meanings supported by the specification and by
the word itself.

[0030] Theclaims are thus to be understood to include what
is specifically illustrated and described above, what is con-
ceptually equivalent, what can be obviously substituted and
also what essentially incorporates the essential idea of the
invention.

[0031] It is to be understood that the illustrated embodi-
ment has been set forth only for the purposes of example and
that it should not be taken as limiting the invention as defined
by the following claims. For example, notwithstanding the
fact that the elements of a claim are set forth below in a certain
combination, it must be expressly understood that the inven-
tion includes other combinations of fewer, more or different
elements, which are disclosed in above even when not ini-
tially claimed in such combinations. A teaching that two
elements are combined in a claimed combination is further to
be understood as also allowing for a claimed combination in
which the two elements are not combined with each other, but
can be used alone or combined in other combinations. The
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excision of any disclosed element of the invention is explic-
itly contemplated as within the scope of the invention.
[0032] Insubstantial changes from the claimed subject mat-
ter as viewed by a person with ordinary skill in the art, now
known or later devised, are expressly contemplated as being
equivalently within the scope of the claims. Therefore, obvi-
ous substitutions now or later known to one with ordinary
skill in the art are defined to be within the scope of the defined
elements. Accordingly, the invention is limited only by the
claims.
What is claimed is:
1. A method for catheter guidance, comprising:
introducing a mapping catheter into a patient;
moving said mapping catheter within the patient to bring an
electrode provided to said mapping catheter in contact
with tissues at various locations to generate a desired
map;
identifying a target location from said map and placing an
electrode of said mapping catheter proximate to said
target location; and
introducing a therapeutic catheter into the patient and guid-
ing said therapeutic catheter to a location of said elec-
trode.
2. The method of claim 1, further comprising guiding said
therapeutic catheter past said location of said electrode.
3. The method of claim 1, wherein said mapping catheter is
guided using magnetic fields.
4. The method of claim 1, wherein said therapeutic catheter
is guided using magnetic fields.
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5. A system for catheter guidance, comprising:

a mapping catheter having at least one electrode proximate
to a distal end of said mapping catheter;

therapeutic catheter;

a first catheter guidance and control system that moves said
mapping catheter to bring said at least one electrode in
contact with tissues at various locations to generate a
desired map; and

a second catheter guidance and control system that moves
a distal end portion of said therapeutic catheter to a
location of said at least one electrode.

6. The system of claim 5, wherein said therapeutic catheter

comprises an ablation catheter.

7. The system of claim 5, wherein said second catheter
guidance and control system comprises a magnetic guidance
and control system that uses a plurality of electromagnets to
control a position of'a magnet provided to a distal end of said
therapeutic catheter.

8. The system of claim 5, wherein said first catheter guid-
ance and control system comprises a magnetic guidance and
control system that uses a plurality of electromagnets to con-
trol a position of a magnet provided to a distal end of said
mapping catheter.

9. The system of claim 5, wherein said second catheter
guidance and control system automatically moves a distal end
portion of said therapeutic catheter to a location of said at
least one electrode.



