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Three-Dimensional Cardiac Electrical Imaging From
Intracavity Recordings

Bin He*, Fellow, IEEE, Chenguang Liu, Student Member, IEEE, and Yingchun Zhang

Abstract—A novel approach is proposed to image 3-D cardiac
electrical activity from intracavity electrical recordings with the
aid of a catheter. The feasibility and performance were evaluated
by computer simulation studies, where a 3-D cellular-automaton
heart model and a finite-element thorax volume conductor model
were utilized. The finite-element method (FEM) was used to
simulate the intracavity recordings induced by a single-site and
dual-site pacing protocol. The 3-D ventricular activation se-
quences as well as the locations of the initial activation sites were
inversely estimated by minimizing the dissimilarity between the
intracavity potential “measurements” and the model-generated
intracavity potentials. Under single-site pacing, the relative error
(RE) between the true and estimated activation sequences was
0 03 0 01 and the localization error (LE) (of the initiation
site) was 1 88 0 92 mm, as averaged over 12 pacing trials when
considering 25 V additive measurement noise using 64 catheter
electrodes. Under dual-site pacing, the RE was 0 04 0 01

over 12 pacing trials and the LE over 24 initial pacing sites was
2 28 1 15 mm, when considering 25 V additive measurement
noise using 64 catheter electrodes. The proposed 3-D cardiac
electrical imaging approach using intracavity electrical recordings
was also tested under various simulated conditions and robust
inverse solutions obtained. The present promising simulation
results suggest the feasibility of obtaining 3-D information of
cardiac electrical activity from intracavity recordings. The ap-
plication of this inverse method has the potential of enhancing
electrocardiographic mapping by catheters in electrophysiology
laboratories, aiding cardiac resynchronization therapy, and other
clinical applications.

Index Terms—Cardiac electrical imaging, cardiac electrical
tomography, catheter ablation, catheter mapping, electrocardio-
graphic imaging, inverse problem.

I. INTRODUCTION

VENTRICULAR arrhythmias account for nearly 400 000
deaths per year in the United States alone [1]. These lethal

arrhythmias typically occur in patients with structural heart dis-
ease. Pharmacologic treatment of these arrhythmias has been
difficult because of significant pro-arrhythmic effects of many
anti-arrhythmic agents, so more invasive approaches are being
utilized [2]. Cardiac ablation techniques have been used in a
growing number of patients to ablate critical sites in the heart
that initiate ventricular tachycardia (VT) [3]. Cardiac VT abla-
tion is a complex invasive procedure that requires considerable
time in the electrophysiology laboratory to locate the sites of
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initiation of VT that will be ablated. This often involves pro-
longed periods of keeping patients in VT to do catheter-based
mapping.

In the past decade, important advancements have been made
to map and localize cardiac electrical activity from the endo-
cardium using catheter technology, including 1) CARTO map-
ping using a nonfluorescent electro-anatomic catheter mapping
technique recording the electrical potential and the geometric
data of the endocardium over a series of sites [4], and 2) en-
docardial inverse solutions, where a cavitary noncontact mul-
tielectrode catheter-probe is used to explore the inverse recon-
struction of endocardial potentials from the potential measure-
ments made on the catheter probe [5]–[7]. To date, the efforts of
catheter-based mapping approaches have been focused on ob-
taining electrical potentials or other electrical properties over
the surface of endocardium [4]–[7].

While these endocardial mapping and inverse solutions show
promise of offering a minimally invasive means of localizing
and mapping cardiac electrical activity over the endocardial
surface, no attempt has been made, to our knowledge, to image
the 3-D cardiac electrical activity from the intracavity catheter
recordings. Clearly, the availability of a 3-D tomographic
imaging approach that could image cardiac electrical activity
throughout the 3-D myocardium will provide a much desired
functional imaging means to assess cardiac electrical activity
and provide an alternative guide to catheter ablation and other
clinical applications.

In the present study, we have proposed a new approach for
imaging 3-D cardiac electrical activity from intracavity elec-
trical measurements, with the aid of the finite-element method
(FEM). The feasibility of this new method is tested by computer
simulations.

II. METHODS

A. Imaging Principles
The concept of the 3-D cardiac electrical imaging from

intracavity electrical recordings is to estimate the 3-D cardiac
electrical activity by minimizing the difference between the
recorded and model-generated intracavity electrical signals at
an instant or during a period [33]. Such signals may be recorded
by a recording catheter, or on the surface of the endocardium.
Mathematically, the inverse solution within the 3-D my-
ocardium can be expressed as (1)

(1)
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where is the vector of the electrical sources, and
are the vectors of the recorded and model-generated

electrical signals (electrical potentials as tested in the present
simulation study) within the intracavity. , , and are
parameters to determine the specific procedures of an inverse
solution. refers to the period during which the inverse
imaging is performed. When , the problem reduces to
instantaneous imaging. is a weighting matrix, and is
regularization parameter. can be obtained by solving the
forward problem from the cardiac electrical sources to the
intracavity electrical signals. Thus, the proposed 3-D cardiac
electrical imaging from intracavity electrical signals consists of
two major steps: 1) the forward procedure to calculate the intra-
cavity electrical signals from cardiac electrical sources; and 2)
the inverse procedure to estimate 3-D cardiac electrical activity
from the measured intracavity electrical signals. The proposed
approach is tested by computer simulation as described below.

B. Forward Modeling

In the present study, the forward solution was ob-
tained by using the FEM with the aid of a cellular-automaton
heart model [8]–[10]. The heart model was constructed from
CT scans of a human subject and contains about 65 000 my-
ocardial cell units, at which an action potential is assigned. The
anisotropic propagation of excitation in the ventricular my-
ocardium is incorporated into this computer heart model [10]
according to literature [11]–[14]. The myocardial fiber orien-
tations rotated counterclockwise over 120 from the outermost
layer (epicardium, ) to the innermost layer (endocardium,

) with identical increment between the consecutive layers.
All the units on the same myocardial layer of ventricles had
identical fiber orientations. The conduction velocity was 0.8
m/s along the fiber and 0.3 m/s transverse to the fiber. The
heart model was made up of about 65 000 myocardial cell
units spaced by 1.5 mm. Each myocardial unit’s parameters,
such as the pattern of action potential and the vector of local
fiber orientation, were set individually. We considered the
anisotropy of intracellular conductivities when calculating the
instantaneous current sources in the cellular automaton model.
The conductivity tensor at each cell unit was computed from
the local fiber orientation. The three orthogonal components of
the current source at each cell unit were respectively computed
as the product of the negative spatial gradient of instantaneous
transmembrane potential for each of the three directions and the
corresponding intracellular conductivity at the same direction.

Based on the bidomain theory, the extracellular electrical po-
tential within the thorax can be solved from the following:

(2)
(3)

where and are the intracellular and interstitial conductivity
tensor, the equivalent current density, the transmembrane
potential, and the outward unit normal to the surface , which
includes the body surface and the surface of the catheter. in
(3) represents the physical quantity of electrical current density,
while in (1) refers to the vector of electrical sources at a finite

number of locations within the myocardium ( maybe current
density or maybe some other biophysical quantities).

Based on the CT images of a human subject, a finite-ele-
ment (FE) model was built to simulate the realistic geometry
thorax volume conductor. The CT images were segmented,
edge-detected, and contoured for the torso, lungs, epicardial
and endocardial surfaces, respectively. The surface contours
were meshed by triangles to build a boundary-element (BE)
model. The BE model of a balloon catheter in an inflated status
was embedded into (located approximately in the center of) the
cavity of the left ventricle. The triangulated surface models were
then transformed to volume definition model by Rhinoceros
software (Robert McNeel & Assoc., WA) using Non-Uniform
Rational B-Splines (NURBS), which is an accurate mathe-
matical description of 3-D geometry, in order to generate FE
meshes. The FE model was obtained by meshing the integrated
NURBS geometry model. The heart-torso-catheter FE model
was made up of 20 423 nodes and 118 660 first-order tetrahedral
elements. The tetrahedral elements within the myocardium and
the blood mass had finer resolution as compared to other areas.
The torso, lungs and blood mass were assumed to be isotropic
conductors. The anisotropy of cardiac tissue was incorporated
into the computer model as described above. The conductivities
of different tissues were set as follows in the FE model: torso
(0.20 S/m), lungs (0.08 S/m), blood mass (0.6 S/m), cardiac
tissue (interstitial: 0.6 S/m along the fiber orientation and 0.15
S/m transverse to the fiber orientation; intercellular: 0.3 S/m
along the fiber orientation and 0.075 S/m transverse to the
fiber orientation) [10]. The inside of the catheter was assumed
nonconductive. In the present study, we used a rigid geometry,
as the investigation is focused on ventricular activation which
occurs during the isovolumetric contraction.

The cardiac current sources were simulated by means of
a cellular-automaton heart model [8]–[10] via (3) and used to
evaluate the electrical potential field in the FE mode via (2).
Equation (2) was discretized into a system of linear equations
defined on the FE nodes by means of the FEM (see [15] for de-
tails). The linear equations were solved by the preconditioned
conjugate gradients method, a linear solver, to obtain the elec-
trical potential at every FE node [15]. Sixty-four electrodes were
uniformly distributed over the catheter surface and the electrical
potentials at these electrodes were calculated according to a cer-
tain cardiac status (such as sinus rhythm or pacing).

C. Inverse Approach

Fig. 1 shows the schematic diagram of the inverse proce-
dure. We adapted a heart-electrophysiological-model-based in-
verse algorithm, which we have previously developed based
on body surface potential maps (BSPMs) [9], [10], to solve
(1) in the present simulation. Note that using this inverse al-
gorithm, is different than . A preliminary classification
system which approximately determines cardiac status based
on a priori knowledge and the measured intracavity potential
maps (ICPMs) was used to estimate the initial pattern of my-
ocardial activation by means of an artificial neural network [8].
According to the output of the preliminary classification system,
the parameters of the heart computer model were initialized, and
the corresponding ICPM was calculated using the FEM. The
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Fig. 1. The schematic diagram of the 3-D cardiac electrical imaging approach
from the intracavity recordings. ICPM: Intracavity potential map. BSPM: Body
surface potential map. See text for details.

model’s parameters were iteratively adjusted in an attempt to
minimize the dissimilarity between the measured and the heart-
model-generated ICPMs, employing a multiobjective nonlinear
optimization procedure. The following equation:

(4)

was solved with the aid of the Simplex Method [16], where 1)
is constructed with the average correlation coefficient

(CC) between the measured and simulated ICPMs from instant
to instant of the cardiac excitation after detection of ini-

tial activation and 2) is constructed with the CC be-
tween the integral of the measured ICPMs and the integral of
the simulated ICPMs. The is a parameter vector consisting of
heart model parameters to be optimized in the process.

D. Simulation Protocol

Computer simulations using a pacing protocol were used
to evaluate the performance of the present ICPM-based 3-D
cardiac electrical imaging approach. Under such pacing pro-
tocol, the parameters consisted of the pacing sites. Twelve
sites were selected and paced individually from the following
regions throughout the ventricles: BA: basal-anterior; BRW:
basal-right-wall; BP: basal-posterior; BLW: basal-left-wall;
BS: basal-septum; MA: middle-anterior; MP: middle-posterior;
MLW: middle-left-wall; MS: middle-septum; AA: apical-ante-
rior; AP: apical-posterior; AS: apical-septum.

For each pacing simulation, assuming the peak-peak value of
the intracavity potential is 5 mV, Gaussian white noise (GWN)
of standard deviation of 25- was added to the calculated
ICPMs to simulate the noise-contaminated ICPM measure-
ments, which served as the input of the inverse approach.
Random noise (average value of 1.2 mm) was also added to
the electrode positions to simulate the electrode position un-
certainty. Effects of catheter position shift were also evaluated
by introducing 5-mm shift of the catheter. These parameter

Fig. 2. The forward and inverse simulation results. Panel (a) shows the for-
ward-calculated ICPMs, BSPM and Lead-2 ECG during sinus rhythm, by means
of the finite-element volume conductor model. Panel (b) shows two typical ex-
amples of the 3-D cardiac electrical inverse solutions from the ICPM, during
single-site pacing (left) and dual-site pacing (right). The true and estimated ac-
tivation sequences are shown by isochrones of one longitudinal section and six
transverse sections, respectively. The locations of the true and estimated pacing
sites are illustrated by yellow dots on the isochrone maps.

uncertainty and variation were introduced to test the robustness
of the proposed approach. The parameters were chosen based
on possible ranges of the values in an experimental setting.

The 3-D inverse solutions were quantitatively evaluated by
two measures: localization error (LE) and relative error (RE).
The LE is defined as the distance from the pacing site to the site
of initiation of corresponding activation. The RE is defined as
follows:

(5)

where is the number of the ventricular cell units, is the
true activation time of the th cell unit and is the inversely
estimated activation time of the th cell unit.

III. RESULTS

The feasibility of solving the forward problem by means of
the FEM is shown in Fig. 2(a), where the simulated ICPMs,
BSPM, and Einthoven lead-II ECG are shown during sinus
rhythm. In this simulation study, the catheter was placed inside
the blood cavity of the left ventricle.

A typical example of the present inverse solution during
single-site pacing is shown in Fig. 2(b) (left panel). The ICPMs
from to after the onset of pacing
were used to inversely estimate the location of the pacing site
and the ventricular activation sequence. The LE was assessed
by the distance from the localized site of origin of activation
to the true pacing site. The estimation error for the activation
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TABLE I
LE OF THE PACING SITE, AND RE OF THE RECONSTRUCTION OF ACTIVATION SEQUENCE, FROM THE 64-ELECTRODES ICPMS DURING SINGLE SITE PACING

TABLE II
LE OF THE PACING SITE, AND RE OF THE RECONSTRUCTION OF ACTIVATION

SEQUENCE, FROM THE 32-ELECTRODES AND 128-ELECTRODES ICPMS DURING
SINGLE SITE PACING

sequence was assessed by RE between the true and estimated
activation sequences.

The simulation results during single-site pacing over 12
pacing sites are shown in Table I. The mean and standard devi-
ation of the LE and RE were mm and ,
respectively, when only additive measurement noise of 25-
was considered. When both additive measurement noise and
electrode position uncertainty with an averaged value of 1.2 mm
were considered, the mean and standard deviation of the LE and
RE become mm and , respectively. When
both additive measurement noise and catheter shift of 5 mm
were considered, the mean and standard deviation of the LE
and RE became mm and , respectively.

Effects of number of recording electrodes over the catheter
are shown in Table II, where 32 or 128 electrodes were uni-
formly distributed over the catheter surface. Only measurement
noise with standard deviation of 25- V was considered in this
case. The LE and RE became mm and for
32-electrodes, and mm and for 128 elec-
trodes. Compared with the results using 64 electrodes, no sig-
nificant effects were observed when using 32 or 128 electrodes,
considering other possible error sources, such as a possible shift
in position of the catheter (5-mm shift led to an averaged LE of
4.84 mm).

The performance of the ICPM-based inverse approach was
also evaluated by the dual-site pacing. Twelve pairs of myocar-
dial cell units in a seven-layer myocardial region adjacent to
the atrial-ventricular ring were randomly selected to simulate
two localized regions of activation. The similar noise and un-
certainty conditions were simulated as in the single pacing pro-
tocol. Fig. 2(b) (right panel) shows a typical example of the in-
verse solutions during dual-site pacing with GWN of 25-
being added to the forward-calculated ICPMs. Table III lists
the LE and RE for all 12 pairs of pacing sites. On average, the
RE of the activation sequence were , and the LE over
24 initial activation sites was mm, when only addi-
tive measurement noise with standard deviation of 25- was
considered. When both additive measurement noise and elec-
trode position uncertainty with an averaged value of 1.2 mm
were considered, the mean and standard deviation of the LE and
RE increased to mm and , respectively.
When both additive measurement noise and catheter shift of 5
mm were considered, the LE and RE were further increased to

mm and , respectively.
Effects of number of recording electrodes over the catheter

are shown in Table IV during dual site pacing, where 32 and
128 electrodes were uniformly distributed over the catheter sur-
face. Only measurement noise with standard deviation of 25-
was considered in this case. The LE and RE were
mm and for 32-electrodes, and mm and

for 128 electrodes.

IV. DISCUSSION

We have proposed a novel approach for 3-D cardiac electrical
imaging from intracavity electrical recordings [33]. With the
aid of catheter mapping of intracavity electrical signals at mul-
tiple sites simultaneously, the present approach promises to pro-
vide an important advancement over conventional approaches
[5]–[7] by offering the 3-D ability for localizing and imaging
of cardiac electrical activity. We used the FEM to solve the for-
ward problem and a cellular-automaton heart model to simulate
ventricular activation. The feasibility of imaging cardiac activa-
tion sequence and localizing the site of initiation of activation
has been shown in computer simulations using single-site and
dual-site pacing protocols. The present promising simulation re-
sults (on average 2–3 mm LE for single-site pacing, and 2.6–3.3
mm LE for dual-site pacing, when there is no catheter position
shift; on average less than 5 mm LE when there is catheter po-
sition shift), suggest the potential clinical applications of this
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TABLE III
LE OF THE PACING SITES, AND RE OF THE RECONSTRUCTION OF ACTIVATION SEQUENCE, FROM THE 64-ELECTRODES ICPMS DURING DUAL SITE PACING

TABLE IV
LE OF THE PACING SITES, AND RE OF THE RECONSTRUCTION OF ACTIVATION

SEQUENCE, FROM THE 32-ELECTRODES AND 128-ELECTRODES ICPMS DURING
DUAL SITE PACING

new approach to accurately localize site of origin of ventricular
activation from the widely used catheter procedure in a clinical
setting.

The largest localization and reconstruction errors occurred
when there is a shift in position of the catheter. For a 5-mm
shift of catheter position, the resulting averaged LEs are 4.84
and 4.53 mm, respectively, for single site and dual site pacing.
This data suggest that there is a need to develop a technique to
accurately determine the position and geometry of intracavity
catheter in real time for clinical applications. On the other hand,
the present simulation results also suggest that the intrinsic error
of the present 3-D cardiac imaging approach from ICPMs is low,
if there is no such systematic shift in probe position. Note that
while we have evaluated effects of measurement noise and ge-
ometry and sensor location uncertainty in the present simulation
study, we assumed that the forward transfer matrix represents
well the lead field relating the electrical sources within the my-
ocardium to the electrode sensors. The realistic effect of such
possible distortion would have to be assessed in an experimental

setting in either an animal model (e.g., [17]) or in human sub-
jects (e.g., [18]).

Note that only ICPM data from a period of ventricular depo-
larization (21 ms–48 ms) were used to solve the spatio-temporal
inverse problem and activation sequence throughout the ventric-
ular activation of up to 171 ms was computed. This was made
possible because of using of the cellular-automaton heart model
in which the ventricular activation is encoded.

Compared with the BSPMs which are measured over the torso
surface, the ICPMs were simulated in the present study within
the left ventricle. While the right ventricular wall had a larger
source-to-sensor distance, the present simulation results indi-
cated that the proposed approach can image electrical activity
from both the left ventricle and the right ventricle. This shall be
explained by the fact that electrode sensors record electrical po-
tentials via volume conduction and there are no insulating ma-
terials separating the left ventricle from the right ventricle.

Compared to the body surface recordings, the intracavity
recordings have the advantage of high signal-to-noise ratio
(SNR), since the effect of environmental noise is smaller in the
cavity than on the body surface and the signal is larger within
the intracavity compared due to smaller distance from the car-
diac sources to the sensors. The smoothing effect caused by the
volume conductor also has less effect on the intracavity poten-
tials, due to the vicinity of catheter probe and the myocardium
[7]. Thus, the ICPM-based cardiac electrical imaging, as a min-
imally invasive procedure, may offer higher spatial resolution,
and maybe easier to be used in combination with the ablative
catheter or catheters for other purposes in a single procedure.
On the other hand, the BSPM-based cardiac electrical imaging
is a complete noninvasive procedure, although the smearing
effect of the torso volume conductor may be larger than the
ICPM-based results. Future investigations should be made to
compare the ICPM-based and BSPM-based imaging results.

As the catheter mapping is widely practiced in a clinical set-
ting to aid catheter ablation, the ICPM-based endocardial po-
tential inverse solutions have been widely used in clinical elec-
trophysiology labs to aid catheter ablation [5], [6]. Currently
such endocardial mapping-based procedures are widely used
for managing atrial arrhythmias, in which the thin wall of atria
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may explain the current clinical success of the 2-D approach.
The present work is moving one step further from the 2-D en-
docardial surface mapping to the 3-D cardiac imaging of elec-
trical activity, based on the electrical potential recordings on a
catheter. As the ventricular walls are much thicker than those
of atria, the ability of performing 3-D electrical imaging may
have a significant impact on clinical practice to manage ventric-
ular arrhythmias. The present computer simulation studies have
demonstrated the feasibility of this new approach, and its perfor-
mance in localizing and imaging site of activation and activation
sequence during single and dual pacing.

The uniqueness of inverse solutions is an important issue
to consider. Without regularization, there would be an infinite
number of inverse solutions of 3-D source distribution for a
given surface potential distribution under the quasi-static con-
dition. The use of regularization enables us to obtain a unique
solution for the inverse problem from a mathematical point of
view. Note that the mathematically unique solution may not
necessarily be the true inverse solution within the heart. Thus,
in this sense any inverse solution shall be considered as an
“estimate” of the true cardiac source distribution, regardless
of the source model being considered. Good estimates can be
obtained by incorporating biophysical or electrophysiological
constraints into the regularization procedure. The idea to use
a heart electrophysiological computer model as regularization
for estimating the 3-D cardiac inverse solutions [9], [10], [19]
is appealing, as it introduces electrophysiological a priori
information into the inverse problem including infracted heart
[20]. On the other hand, if the heart model deviates from the
actual heart then there will be “equivalent noise” being intro-
duced. A previous study dealing with BSPM-based 3-D cardiac
activation imaging suggests that with up to 10% variation in
conduction velocity the approach was still able to image the
overall activation sequence reasonably well [9]. While such
regularization is strong in the sense that it rejects those possible
solution candidates which do not behave reasonably in the
context of cardiac electrophysiology, previous experimental
evidence demonstrated that such 3-D inverse cardiac activation
sequence was well correlated with directly measured 3-D
cardiac activation sequence in an experimental animal model
[17]. An alternative constraint one can introduce is to use the
weighted minimum norm solutions as shown in (1), and then
derive further electrophysiological properties of myocardial
tissues from the estimated current density distribution based
on biophysical constraints. Since such inverse solutions are all
estimates to the true solutions, it is of importance to validate
experimentally the inverse solutions to see if the incorporated
electrophysiological or biophysical constraints do lead to a
reliable estimate of the true solution [17]. While the innovation
of the present work is to image cardiac electrical activity from
intracavity electrical signals, the issue of uniqueness shall re-
main the same as the BSPM-based 3-D cardiac inverse solution,
as discussed above.

It is of interest to note that, the uniqueness of inverse solu-
tions is not limited to 3-D inverse solutions but also in 2-D in-
verse solutions, such as the epicardial inverse solutions. For a
2-D epicardial inverse solution, if the number of unknowns is
greater than the number of measurements (currently in the order
of few hundreds), the inverse problem will be underdetermined
and thus there will be an infinite number of inverse solutions. In

order to solve the nonunique underdetermined epicardial inverse
problem, one must also introduce the regularization in order to
obtain a mathematically unique solution. Similar to the 3-D car-
diac inverse solutions, there is no guarantee that such regular-
ized epicardial inverse solutions would be the true inverse solu-
tion. All we get are “estimates” to the true epicardial inverse so-
lution. When the regularization being introduced is meaningful
in a physiological or biophysical sense, then good estimates are
obtained. Again, such inverse estimates need to be validated ex-
perimentally. Regardless of such challenge, progress has been
made in the past decades on the epicardial inverse solutions
[21]–[24].

The ECG inverse solutions from BSPMs have been studied
for decades [19], [21]. In the past few decades, major efforts
have been made to estimate epicardial potentials [21], [22], [25]
and heart surface activation sequence [26]–[28]. Recent efforts
have been made to image the 3-D cardiac electrical activities
from the BSPMs [8]–[10], [17]–[20], [29], [30], and from MCG
[31]. The present study, to our knowledge, represents the first ef-
fort in localizing and imaging cardiac electrical activity within
the 3-D volume of the heart from intracavity electrical signals.
Note that while we demonstrated the feasibility of imaging 3-D
cardiac activation from ICPMs by means of the implementa-
tion of using heart electrophysiological computer model as reg-
ularization, what we proposed is not necessarily limited to this
particular implementation. In other words, other inverse regu-
larization schemes not using a heart electrophysiological com-
puter model (e.g., [29], [32]) may also be used to solve the 3-D
ICPM-based inverse problem. While we only tested the appli-
cation to imaging of cardiac activation, the proposed 3-D car-
diac electrical imaging approach should also be applicable to
imaging of cardiac repolarization. Due to the wide acceptance
of catheter mapping in a clinical setting, we believe the present
proposed approach represents an important advance of cardiac
electrical imaging research. Further experimental validation of
this new approach may establish the approach as a clinically
useful tool for guiding catheter ablation of a variety of cardiac
arrhythmias, aiding rationale determination of optimal locations
of leads for cardiac resynchronization therapy, and other appli-
cations to management of cardiovascular disorders.
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