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A DEVICE AND METHOD FOR THE GEOMETRIC DETERMINATION OF
ELECTRICAL DIPOLE DENSITIES ON THE CARDIAC WALL

FIELD OF THE INVENTION

[0001] The present invention relates generally to the localization and
treatment of cardiac arrhythmias, and more particularly to devices and methods for

the geometric determination of electrical dipole densities on the cardiac wall.

BACKGROUND

[0002] Systems used to localize the origin of cardiac arrhythmias measure
potentials (e.g. in millivolts) in the cardiac chambers and localize them on a three
dimensional representation of the cardiac chamber wall. The measurement of the
electrical activity present on the cardiac walls is called mapping. For this purpose, a
multiple electrode mapping catheter may be positioned within the heart such that
multiple potentials can be simultaneously measured at different locations on the wall
of the cardiac chamber without having direct wall contact (non-contact mapping).
The cardiac chamber is visualized as a three dimensional structure, either directly by
moving one or more mapping electrodes within the corresponding heart chamber or
by importing an anatomical geometry of the cardiac chamber from an imaging device
(e.g. Computed Tomography, MRI, or ultrasound). The electrical activity within the
heart can be measured with the multi-electrode mapping catheter, which may be
able to simultaneously measure potentials at different points in three dimensional
space. |n the current systems, the measured potentials from the non-contact multi-
electrode mapping catheter do not directly correspond to the electrical activity on the

cardiac wall as measured with an electrode with direct wall contact (contact
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mapping). The measured potentials of the non-contact mapping system have to be
converted with computer programs and extrapolated into virtual electrograms
projected on the heart chamber of the mapping system.

[0003] The current conversion methods are inaccurate, and further
processing, termed regularization methods, have to be used. These regularization
methods decrease spatial resolution. Another limitation of the current methods is
that the provided potentials represent only the mean electrical activity that emanates
from different cells, consisting of membranes separating electrical dipoles.

[0004] Since the localization of cardiac arrhythmias by the use of potentials is
Imprecise, the successful treatment of cardiac arrhythmias has been difficult and has
demonstrated limited success and reliability. There is, therefore, a need for

iImproved methods of localizing cardiac arrhythmias.

SUMMARY OF THE INVENTION

[0005] Several unique devices, systems, and methods for creating a database
of dipole densities at a surface of a patient’s heart are provided. Dipole density
information can be used by a clinician to diagnose and treat heart diseases such as
arrhythmias. The dipole density information is based on anatomical models of the
patient’s heart and mapping information recorded by multiple electrodes, such as
electrodes included on the distal end of a three dimensional mapping catheter.
[0006] According to a first aspect of the invention, a device for creating a
database of dipole densities at the surface of one or more cardiac chambers of a
patient is provided. The device includes a first receiver that receives mapping
information from multiple electrodes included in one or more mapping catheters.

The electrodes are placed in a cardiac chamber of the patient’s heart. The device
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further includes a second receiver that receives anatomical information. The
anatomical information may be a generic heart model, or more preferably tissue
contour and other anatomical information recorded from the patient’s own heart. A
dipole density module determines the database of dipole densities, in the table form
d(y), where y represents the location on the heart tissue including that particular
dipole density. The potential at various locations x, within a cardiac chamber and
termed V(x), are recorded by the multiple electrodes. Solid angle w(x,y) represents
the solid angle for a triangle projection between location x (electrode location in
chamber) and y (triangle location on chamber wall). The dipole density module
determines the dipole density for individual triangle shaped projections onto the
cardiac chamber wall based on the following: each triangle projection at location y
contributes w(Xx,y) times the dipole density d(y) to the potential V(x) at the point x.
[0007] In a preferred embodiment, the device comprises a software program,
e.d., such as a software program loaded onto a personal computer; an ECG system;
a cardiac tissue ablation system and/or an imaging system. The number of triangles
determined by the dipole density module is sufficiently large (triangle area small
enough) such that the dipole density for each triangle projection is relatively
constant. Typically 1000 or more triangies are used in the calculations, such as a
calculation based on a standard sized Left Atrium. Larger numbers of triangles are
used for larger sized chambers.

[0008] In another preferred embodiment, the patient is being diagnosed and/or
treated for a heart condition, such as an arrhythmia. The electrodes are included at
the distal end of one or more mapping catheters and are placed into a chamber of
the patient’s heart to record potentials. An imaging instrument, such as an

Instrument that provides a generic model of a heart, or an instrument which provides



CA 02747859 2011-06-20

WO 2009/090547 PCT/1B2009/000071
4

an anatomical model of the patient’s heart, delivers the anatomical information fo the
second receiver. In a preferred embodiment, the imaging instrument is one or more
of: Computed Tomography; MRI; ultrasound; and an ECG system with mapping
catheter.

[0009] In another preferred embodiment, the dipole density module
implements an algorithm configured to assist in the creation of the database of dipole
densities. The algorithm may be a progressive algorithm configured to be modified
or refined to iImprove spatial and/or time resolution of the database. The dipole
density module may determine a map of dipole densities at corresponding time
intervals. A synthesis of maps represents a cascade of activation sequences of
each corresponding heart beat.

[0010] In another preferred embodiment, the device includes a third receiver.
The third receiver receives mapping information from one or more skin electrodes.
The dipole density module uses the skin electrode signals to calculate or recalculate
the database of dipole densities, using equations listed herebelow.

[0011] According to another aspect of the invention, a system for creating a
database of dipole densities at the surface of one or more cardiac chambers of a
patient’s heart is provided. In addition to the device of the present invention, the
system includes one or more of a multiple electrode catheter; an imaging instrument;
an ablation device; and at least one surface or skin electrode. In a preferred
embodiment, the mapping catheter is also used for ablating tissue identified by the
database of dipole densities. The system includes a monitor to display the dipole
density information, such as information displayed in relative geometry to the

chamber of the patient’s heart.
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[0012] According to another aspect of the invention, a method of creating

2 database of dipole densities at the surface of one or more cardiac chambers of
a patient's heart is provided. The method can be used to diagnose and/or treat
cardiac disease. In a preferred embodiment, the method is used to diagnose and

treat Atrial Fibrillation (AF). In another preferred embodiment, the method is used

to detect ventricular ischemia and/or quantify myocardial function. The method
includes placing an array of multiple electrodes within a chamber of the patient's

heart to measure potentials. The array of multiple electrodes may or may not be

repositioned to determine dipole densities.

[0013] In another preferred embodiment, the method further includes
placing one or more skin electrodes, The information recorded by the skin
electrodes is used to determine the database of dipcle densities.

[0013a] Accordingly, in one aspect the present invention resides in a device
for creating a database of dipole densities d{y) at the surface of one or more
cardiac chambers of a patient, said device comprising: a first receiver configured
to recetve mapping information from a three-dimensional array of electrodes
located on one or more catheters, the mapping information received when the
three—dimensionél array of electrodes is placed in the one or more cardiac
chambers; a second receiver configured to receive anatomical information from

at least one imaging instrument configured to produce a geometrical depiction of

the one or more cardiac chambers; and a dipole density module configured to
generate the database of dipole densities d(y), wherein the dipole density module
determines a dipole density for individual triangle shaped projections onto the
cardiac chamber wall, where each triangle projection at a location y contributes
w(x,y) times the dipole density d(y) to a potential V(x) at a point X, wherein w(Xx,y)

IS the solid angle for that triangle projection, and where: a) X represents a series
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of locations within one or more cardiac chambers; and b) V(x) is a measured
potential at point x, said measured potential recorded by the muiltiple electrodes.
[0013Db] In another aspect, the present invention resides in a device for
creating a database of dipole densities d(y) at the surface of one or more cardiac
chambers of a patient, said device comprising: a first receiver configured to
receive mapping information from a three-dimensional array of electrodes located
on one or more catheters, the mapping information received when the three-
dimensional array of electrodes is placed in the one or more cardiac chambers; a
second receiver configured to receive anatomical information from at least one
imaging instrument configured to produce a geometrical depiction of the one or
more cardiac chambers; and a dipole density module configured to generate the
database of dipole densities d(y), wherein the dipole density module determines a
dipole density for individual triangle shaped projections onto the cardiac chamber
wall, where each triangle projection at a location y contributes w(x,y) times the
dipole density d(y) to a potential V(x) at a point x, wherein w(x,y) Is the solid angle
for that triangle projection, and where: a) x represents a series of locations within
one or more cardiac chambers; and b) V(x) is a measured potential at point x, said
measured potential recorded by the multiple electrodes, wherein said triangle
projections are sized such that the dipole density for each triangle projection is
substantially constant.

[0013c] In another aspect, the present invention resides in use of the
aforementioned device for creating a database of dipole densities d(y) at the

surface of one or more cardiac chambers of a patient.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate various embodiments in accordance

with the present invention, and, together with the description, serve to explain the

principles of the invention. In the drawings:

[0015] Fig. 1 illustrates a schematic view of an embodiment of a device for
determining a database table of dipole densities d(y) of at least one heart

chamber, consistent with aspects of the present invention.

[0016] Fig. 2 illustrates a flow chart of an embodiment of a preferred
method for determining a database table of dipole densities of at least one heart

chamber, consistent with aspects of the present invention.
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[0017] Fig. 3 illustrates a schematic view of an embodiment of a system

for determining a database table of dipole densities of at least one heart chamber

with help of the solid angle w(x,y), consistent with aspects of the present
Invention,

DESCRIPTION OF THE EMBODIMENTS
(0018] Reference will now be made in detail to the embodiments in
accordance with aspects of the present invention, examples of which are
llustrated in the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like parts.
[0019] A device for calculating surface charge densities has been
described in detail in PCT International Application Number PCT/CH2007/000380
(hereinafter the '380 Patent Application) naming Scharf as inventor. filed August

3, 2007, and entitled METHOD AND DEVICE FOR DETERMINING AND

PRESENTING SURFACE CHARGE AND DIPOLE DENSITIES ON CARDIAC
WALLS. The present invention provides an improved device, system and
method for calculating and visualizing the distribution and activity of dipole charge
densities on a cardiac wall. The dipole densities are directly

determined geometrically, avoiding the errors encountered USing previous

extrapolation algorithmes.
[C020] In accordance with the present invention, provided is a device that

measures and calculates a database of dipole densities d(y) on the cardiac wall.
The actual measured potentials in the heart result from electrical activity of cells,

which can be regarded as dipoles. The dipoles consist of ion charges on both
sides of biological membranes. The use of dipole densities offers a precise

representation of the electrical activity. Systems and methods in accordance with

the present
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invention efficiently and effectively calculate the dipole densities utilizing one or more
mathematical theorems. This calculation is significantly more precise than
calculations of virtual potenti’als produced by current systems, which lose spatial
precision because of the required numerical methods and the use of potentials
Instead of dipole densities. Systems and methods in accordance with the present
invention are efficient in calculating dipole densities geometrically, such as through
the use of computer systems, or similar microcontroller and/or mathematical
processing equipment.

[0021] Definitions. To facilitate an understanding of the invention, a number of

terms are defined below.

[0022] As used herein, the terms "subject" and "patient” refer to any animal,
such as a mammal like livestock, pets, and preferably a human. Specific examples
of "subjects" and "patients" include, but are not limited, to individuals requiring
medical assistance, and in particular, patients with an arrhythmia such as atrial
fibrillation (AF).

[0023] As used herein, the term “solid angle” is the angle subtended by a
triangle on the heart wall at the position x of observation. When viewed from location
X, straight lines are drawn from point x to the boundaries of the triangle, and a
sphere is constructed of radius r = 1 with center of x. The straight lines then define
the spherical triangle on the surface of the sphere. The solid angle is proportional to
the surface area of the projection of that object onto a sphere centered at the point x.
[0024] The methods and devices of the present invention have advantages
over previous prior art devices. Figs. 1-3 illustrate various preferred embodiments of
devices, systems and methods in accordance with aspects of the present invention.

However, the present invention is not limited to these particular configurations.
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[0025] Referring now to Fig. 1, a schematic view of an embodiment of a
device for determining a database table of dipole densities of at least one heart
chamber of a patient is illustrated. Device 100 includes a first receiver 110
configured to receive electrical potentials from a separate device, such as a device
including a multi-electrode mapping catheter placed in the circulating blood within a
chamber of the patient’s heart. Device 100 further includes a second receiver 120
configured to receive cardiac geometry information (e.g. the geometric contour of the
cardiac chamber wall), such as from an instrument including, but not limited to:
Computed Tomography; MRI; Ultrasound; a multi-electrode mapping catheter; and
combinations of these. Alternatively, a standard geometry can be loaded
representing a model of the cardiac chamber. Device 100 further includes a dipole
density module 130 which comprises mathematical processing element, such as a
computer or other electronic module including software and/or hardware for
performing mathematical or other calculations. Dipole density module 130 receives
mapping information from first receiver 110 and cardiac geometry information from
second receiver 120. Dipole density module 130 preferably uses one or more
algorithms to process the received mapping and geometry information to produce a
database table of dipole densities.

[0026] The geometrical model of the cardiac chamber is processed by dipole
density module 130 into multiple small triangles (triangularization). When the
triangles are sufficiently small, the dipole density at each triangle can be regarded as
constant. In a preferred embodiment, a standard cardiac chamber of 4-6cm
diameter is divided up into over 1000 triangles. In another preferred embodiment,
the number of triangles determined by dipole density module 130 is based on the

size of the heart chamber. With the electrodes positioned in a cardiac chamber by a
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clinician, such as an electrophysiologist, the potentials at each electrode are
recorded. Each triangle is seen by the corresponding electrode under a certain solid
angle. The dipole density module 130 computes the solid angle w(X,y) subtended by
each triangle at positibn y on each electrode at position x on the multi-electrode
catheter. If the dipole density at the triangle is d(y), the triangle contributes w(x,y)
times d(y) to the potential V(x) at the position x on the multi-electrode catheter. The
total measured potential V(x) is the sum resulting from all the triangles. A detailed
description is provided in reference to Fig. 3 herebelow.

[0027] In a preferred embodiment, dipole density module 130 implements a
progressive algorithm that can be modified and/or refined in order to improve spatial
and/or time resolution of the database of dipole densities that are produced. The
dipole densities d(y) are obtained by solving a linear system of equations. This
calculation requires some care to avoid numerical instabilities. Thereby a map of
dipole densities can be created at each corresponding time interval. The synthesis
of the maps generates a cascade of the activation sequence of each corresponding
heart beat that can be used to define the origin of the electrical activity, arrhythmias
or diaghose cardiac disease.

10028] The measuring electrodes used in the present invention are placed In
the blood flow in a heart chamber, a relatively homogeneous condition, such that the
mathematical analysis of the present invention is well applicable. In a preferred
embodiment, skin electrodes are also implemented such that dipole density module
130 can use the information received from the skin electrodes to calculate and/or
recalculate the dipole densities for the cardiac wall. The spatial resolution which can
be obtained by invasive (i.e., placed in the heart chamber) multi-electrode potential

measurements is limited by the number of electrodes that can be placed in any
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cardiac chamber, such as the Left Atrium (LA). Skin placed electrodes, such as
electrodes placed on the thorax, are not as space limited. However, due mainly to
the inhomogeneous structure of the body, it is difficult to localize the actual sources
of the skin electrode measured potentials. A highly complicated boundary value
problem must be solved with boundary conditions that are poorly known, and
previous attempts at determining the “action potential” from body surface ECG
(alone) have not been very successful.

[0029] The badly defined boundary value problem can be avoided by an
additional measurement (in addition to the skin electrode measurements) of the
multi-electrode array of the present invention. A small sinusoidal voltage V) is
applied to each electrode / = 1,.....L on the electrode array in the heart, and the

resulting voltages W,k = 1,....K is measured at the surface electrodes. This yields

the K x L transition matrix Ay

L
Wi=> AuV.
— (1)

[0030] Calculating solid angles produces the linear transformation B, between
the electrode array potentials V; and the dipole densities d,,n = 1,...N of N regions of

the heart wall:

N
Vi = z Bindy,
=1 (2)
N is chosen to be N = K + L. where K is the number of surface electrodes and L is the

number of internally placed array electrodes.

[0031] Substituting equation (2) into (1) we have:
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|

L N
Wi=>" > AuBindn.
{=1 n=1 (3)

[0032] Therefore, by simultaneous measuring of the potentials of the cardiac
activity with éll K + L electrodes, N = K + L dipole densities of N regions on the heart
wall can be calculated. This method yields a higher spatial resolution than the L
array electrodes alone. In the solution of the linear system of equations (2)+(3),
regularization techniques must be used (e.g. Tikhonov regularization and its
modifications) in order to avoid numerical instabilities.

[0033] Referring now to Fig. 2, an embodiment of a preferred method for
determining a database table of dipole densities of at least one heart chamber of a
patient is illustrated. In Step 10, a multi-electrode array is placed within the
corresponding heart chamber. In Step 20, the geometry of the corresponding heart
chamber is obtained in relation to the multi-electrode array position, such as by
moving around a second mapping electrode or by importing a geometry model from
an Imaging study (e.g. using computed tomography, MRI or ultrasound before or
after the multi-electrode array of electrodes has been placed in the heart chamber).
The surface of the geometry of the corresponding heart chamber is divided into small
triangles, typically at least 1000 small triangles.

[0034] In Step 30, the dipole density d(y) can be calculated from the
measured potential values and the calculated solid angles. The measurements can
be repeated successively during the cardiac cycle giving a high timely resolution
during each millisecond. The information of the timely dependent dipole densities

can be depicted as an activation map of the corresponding heart chamber for the
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given heart beat. The information can be used to diagnose and/or treat a patient
with a cardiac arrhythmia, such as an atrial fibrillation patient.

[0035] In a preferred embodiment, the information is used to determine
cardiac wall treatment locations for lesion creation, such as a lesion created in the
Left or Right atrium, by an RF, ultrasound or cryogenic ablation catheter. In another
preferred embodiment, the multiple electrode mapping array is placed in a ventricle
and the dipole densities are determined for the ventricular wall, such as to detect
ischemia or quantify myocardial function.

[0036] - Referring now to Fig. 3, an embodiment of a system for determining a
database table of dipole densities of at least one heart chamber of a patient is
illustrated. System 500 includes device 100, which is configured to create a
database table of dipole densities d(y) based on voltage potential measurements
within the heart chamber and image information relating to the heart chamber, as
has been described hereabove. System 500 further includes imaging unit 220,
which is configured to provide a two or three-dimensional image of the heart
chamber to device 100. Imaging unit 220 may perform at least one of Computed
Tomography, MRI and/or ultrasound imaging. Imaging unit 220 may produce any
form of real or virtual models of the cardiac chambers, such that a triangularization
analysis is possible.

[0037] System 500 further includes mapping catheter 310, which includes
shaft 311, shown inserted into a chamber of a patient’s heart, such as the Left Atrium
(LA). At the distal end of shaft 311 is an electrode array 315 including multiple
electrodes 316. Electrode array 315 is shown in a basket construction, but
numerous other constructions can be used including multiple independent arms,

spiral arrays, electrode covered balloons, and other constructions configured to
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place multiple electrodes into a three-dimensional space. In a preferred
embodiment, any catheter with a three-dimensional array of electrodes can be used
to supply the mapping information to device 100.

[0038] In this embodiment, electrodes 316 are connected to wires, not shown,
but traveling proximally to cable 317, which is electrically connected to a mapping
unit 210, such as an electrocardiogram (ECG) unit. ECG unif 210 includes a monitor
for displaying information, such as the potentials recorded by electrodes 316, as well
as the dipole density information produced by device 100. In an alternative
embodiment, device 100 further includes a monitor, not shown, but configured to
display one or more of: dipole density information; potentials recorded by electrodes
316; and cardiac chamber contours and other geometry information. In a preferred
embodiment, dipole density and or recorded potentials information is shown In
reference to a three-dimensional representation of the heart chamber into which
catheter 310 is inserted. In an alternative embodiment, imaging unit 220 may
include a device configured to create an image of the cardiac chamber from signals
recorded from an electrode catheter, such as catheter 310.

[0039] System 500 may include a device for treating a cardiac arrhythmia,
such as ablation source 230, which is electrically attached to electrodes 316 via
cable 318. Alternatively or additionally, ablation source 230 can be attached to a
different ablation catheter, such as a single or multiple ablation element catheter
configured to deliver ablation energy such as RF energy, cryogenic energy, or other
tissue disrupting energy.

[0040] As shown in Fig. 3, triangle T1, defined by device 100, is at location Y.
Electrode 316a of catheter 310 is at location X. The geometric relationship between

triangle T1 and Location X is defined by the solid angle, angle w(X,Y). Device 100
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includes dipole density module 130 such that each triangle at location y contributes
w (X,y) times the dipole density d(y) to the potential V(x) at the position x on a multi-
electrode. Solid angle w(x,y), as defined above, corresponds fo the triangle at a
location y and the electrode at positions x on the multi-electrode array. The dipole
density module 130 of device 100 determines from the total measured potential V(x),
which is the sum resulting from all the triangles defined by device 100, the desired
dipole density d(y).

[0041] When sufficient potentials values V(x) are measured (e.g. from 10 to
10,000 with increasing number of measured potentials providing more accurate
results), the dipole density d(y) at many equally distributed regions y on the cardiac
wall is calculated by solving a linear equation system. By interpolation of the
measured potentials (e.g. with help of splines) their number can be increased to a
higher number of regions. The solid angle w(X,y) of a region is the sum of the solid
angles of the individual triangles in the region on the cardiac wall. This calculation of
dipole density results, such as via an automatic computer program forming at least
part of dipole density module 130.

[0042] In a preferred embodiment, the results are presented in a visual,
anatomical format, such as depicting the dipole densities on a geometric image of
the cardiac wall in relation to time (t). This format allows a clinician, such as an
electrophysiologist, to determine the activation sequence on the cardiac wall, such
as to determine treatment locations for a cardiac arrhythmia. The results may be
shown on a display of mapping unit 210, or on a separate unit such as a display
included with device 100, display not shown but preferably a color monitor. In a
preferred embodiment, the device of the present invention is implemented as, or

includes, a software program that is executable by at least one processor. The
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software program can be integrated into cne or more of: an ECG system; a

cardiac tissue ablation system; an imaging system; a computer; and

combinations of these.

[0043] In a preferred embodiment, the multi-electrode catheter includes at
[east 10 electrodes, configured to represent a three dimensibnal body with known
geomelry. The electrodes are preferably positioned in a sphlerical geometry, such
as a spherical geometry created in a basket catheter. Elliptical electrode array
geometries may be used, such as those provided in the Ensite Array Catheter,
manufactured by St. Jude Medical of St. Paul Minnesota. In an alternative
embodiment, multiple catheters are inserted into the heart chamber to provide the
multiple electrodes.

[0044) In an alternative embodiment, the electrodes of the multi-electrode
mapping array are repositioned during the method of determining dipole
densities. Repositioning of electrodes can be beneficial to increase the number of
measured potential values, if electrode positions are known. Therefore,

repositioning is in concordance with adjustment of the geometry map in relation

to the multi-electrode mapping catheter.
[0045] Other embodiments of the invention will be apparent to those
skilled In the art from consideration of the specification and practice of the

embodiments disclosed herein. The scope of the claims should not be limited by

the preferred embodiments set forth in the examples, but should be given the
broadest interpretation consistent with the description as a whole. In addition
where this application has listed the steps of a method or procedure in a specific
order, it may be possible, or even expedient in certain circumstances, to change
the order in which some steps are performed, and it is intended that the particular

steps of the method or procedure claims set forth
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herebelow not be construed as being order-specific unless such order specificity is

expressly stated in the claim.
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| claim:
1. A device for creating a database of dipole densities d(y) at the surface of
one or more cardiac chambers of a patient, said device comprising:

a first receiver configured to receive mapping information from a three-
dimensional array of electrodes located on one or more catheters, the mapping
information received when the three-dimensional array of electrodes is placed in
the one or more cardiac chambers;

a second receiver configured to receive anatomical information from at
least one imaging instrument configured to produce a geometrical depiction of the
one or more cardiac chambers; and

a dipole density module configured to generate the database of dipole
densities d(y), wherein the dipole density module determines a dipole density for
individual triangle shaped projections onto the cardiac chamber wall, where each
triangle projection at a location y contributes w(x,y) times the dipole density d(y) to
a potential V(x) at a point x, wherein w(x,y) is the solid angle for that triangle
projection, and where:

a) X represents a series of locations within one or more cardiac
chambers; and

b) V(X) iIs a measured potential at point x, said measured potential
recorded by the multiple electrodes,

wherein said triangle projections are sized such that the dipole density for

each triangle projection is substantially constant.
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2. The device of claim 1 wherein said device comprises a software program
executable by at least one processor.
3. The device of claim 2 wherein the software program is configured to be

integrated into one or more of. an ECG system; a cardiac tissue ablation system;

an imaging system; a computer; and combinations thereof.

4. The device of claim 1 wherein the dipole density is determined for at least

1000 triangle shaped projections.

5. The device of claim 1 wherein the dipole density is determined by a number
of triangle shaped projections, said number determined by the size of the heart

chamber.

6. The device of claim 1 wherein the one or more cardiac chambers includes

the left atrium.

7. The device of claim 1 wherein the patient has been diagnosed or Is

suspected of having a heart arrhythmia.

8. The device of claim 7 wherein the heart arrhythmia includes atrial

fibrillation.
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9. The device of claim 1 wherein said device is used to treat, diagnose, or

treat and diagnose the patient.

10. The device of claim 1 wherein the multiple electrodes are included in a

single catheter.

11.  The device of claim 1 wherein the multiple electrodes are included in two or

more catheters.

12.  The device of claim 1 wherein the imaging instrument is selected from a
group consisting of: a computed tomography (CT) instrument; a magnetic
resonance imaging (MRI) instrument; an ultrasound instrument; a multiple

electrode mapping catheter and mapping system; and combinations thereof.

13.  The device of claim 1 wherein the imaging unit comprises a standard

anatomical geometry which is uploaded to the dipole density module.

14. The device of claim 1 wherein the dipole density module inciudes a

mathematical processing element.

15.  The device of claim 14 wherein the mathematical processing element

comprises one or more of: a computer; an electronic module; software such as a

software program; hardware such as microcontroller hardware; and combinations

thereof.
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16.  The device of claim 1 wherein the dipole density module implements an

algorithm.

17.  The device of claim 16 wherein the algorithm is configured to be refined,
corrected, or refined and corrected to improve the spatial, timely, or spatial and

timely resolution of the database of dipole densities d(y).

18. The device of claim 1 wherein the dipole density module implements a

progressive algorithm.

19. The device of claim 18 wherein the progressive algorithm is configured to
be refined, corrected, or refined and corrected to improve the spatial, timely, or

spatial and timely resolution of the database of dipole densities d(y).

20. The device of claim 1 wherein the dipole density module uses a linear

system of equations to determine the database of dipole densities d(y).

21.  The device of claim 1 wherein the dipole density module determines a map

of dipole densities d(y) at corresponding time intervals.

22. The device of claim 21 wherein the dipole density module generates a

synthesis of maps that represents a cascade of activation sequences of each

corresponding heart beat.
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23.  The device of claim 1 wherein a number of potentials V(x) measured is in a

range of 10 through 10,000 potentials V(x).

24. The device of claim 23 wherein the cardiac wall is divided into regions,

wherein each region is represented by a region solid angle with respect to each

electrode, and wherein each region solid angle is the sum of the solid angles of

the individual triangles in the region.

25.  The device of claim 24 wherein a number of regions used to determine the
dipole density d(y) is in a range of approximately 10 through 10,000 regions on

the cardiac wall.

26. The device of claim 24 wherein the measured potentials V(x) are

interpolated to increase the number of regions.

27. The device of claim 26 wherein V(X) is interpolated using splines.

28. The device of claim 1 further comprising:

a third receiver configured to receive mapping information from one or

more skin electrodes.
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29. The device of claim 28 wherein the dipole density module uses said skin
electrode signals to calculate, recalculate, or calculate and recalculate the

database of dipole densities d(y).

30. The device of claim 19 wherein the dipole density module calculates,
recalculates, or calculates and recalculates the dipole densities d(y) using

equations (1), (2) and (3) of the specification.

31.  The device of claim 30 wherein the dipole density module solves equations

(2) and (3) using regularization techniques.

32. The device of claim 31 wherein the regularization technigque is Tikhonov

regularization.

33. A system for creating a database of dipole densities d(y) at the surface of
one or more cardiac chambers of a patient, said system comprising:
a device of any one of claims 1 through 32; and
one or more of:
a multiple electrode catheter:;
an imaging instrument;
an ablation device; and

at least one surface or skin electrode.

34. The system of claim 33 comprising a catheter for mapping and ablation.
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35. The system of claim 33 comprising an ablation device, wherein said
ablation device is configured to deliver one or more of: radio frequency (RF)

energy; ultrasound energy, and cryogenic energy.

36. The system of claim 35 wherein the energy is delivered to one or more

locations based on the database of dipole densities d(y).

37. The system of claim 33 comprising a multiple electrode catheter and at

least one surface electrode.

38. The system of claim 33 comprising a mapping catheter comprising at least
one of:

a balloon with electrodes mounted to the surface of the balloon;

a basket catheter:;

a multiple arm ablation and mapping catheter; a spiral array of electrodes;
and

an umbrella array of electrodes.

39. The system of claim 33 comprising an imaging instrument comprising:

a computed tomography (CT) instrument; a magnetic resonance imaging
(MRI) instrument; an uitrasound instrument; a multiple electrode mapping catheter

and mapping system; and combinations thereof.
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40. The system of claim 39 wherein the imaging instrument produces at least
one of two and three dimensional images of a cardiac chamber of the patient’s

heart.

41. The system of claim 33 comprising an imaging instrument configured to
create at least one of a real and a virtual model of a cardiac chamber of the

patient’'s heart.

42. The system of claim 33 further comprising a visual monitor.

43. The system of claim 42 wherein said system is configured to provide
information on the monitor, said information selected from the group consisting of:
dipole density information;
electrocardiogram (ECG) information;
cardiac chamber images; and

combinations of these.

44. The system of claim 43 wherein the information provided on the monitor

iIncludes dipole density information shown in geometric relation a cardiac chamber

Image.

45. Use of the device according to any one of claims 1 to 32 for creating a
database of dipole densities d(y) at the surface of one or more cardiac chambers

of a patient.
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46. The use according to claim 45, wherein the device is used in conjunction

with an electrode catheter having a distal end configured for placement into one of

the one or more cardiac chambers of the patient.

47. The use of claim 45, including using the dipole densities d(y) to locate an

origin of electrical activity, arrhythmias, or both.

48. The use of claim 45, including using the dipole densities d(y) to diagnose

cardiac disease.

49. The use of claim 45, including using the dipole densities d(y) to determine a

location to create one or more lesions to treat an arrhythmia.

50. The use of claim 45, including using the dipole densities d(y) to detect

ventricular ischemia, quantify myocardial function, or both.

51. The use of claim 46, wherein said distal end is configured to be

repositioned to determine the dipole densities d(y).

52. The use of claim 45, wherein the device is used in conjunction with one or

more skin electrodes configured for placement on the patient.

53. The use of claim 52, including the dipole density module using equations

(1), (2) and (3) to determine the table of dipole densities d(y).
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