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Electrocardiographic imaging (ECGI) is a novel, noninvasive tool for imaging cardiac
arrhythmia and defining electrophysiologic properties.ll2 ECGI combines multi-electrode
body surface ECG recordings with three-dimensional anatomical heart-torso imaging to
reconstruct an epicardial electroanatomical map (Figure 1). ECGI-reconstructed data can be
presented as epicardial potential maps, electrograms, or isochrones during activation and
repolarization. The ECGI procedure has been extensivelf/ tested and validated in experimental
preparations with normal and abnormal canine hearts3—10, Recently, ECGI has been validated
in humans1:2:11-13_ 1o date, we have presented human ECGI studies of normal activation
and repolarization 12 right and left bundle branch blocky:1L, various pacing protocolslllll
13 atrial flutter?, native sinus rhythm and bi-ventricular pacing for cardiac resynchronization
(CRT) in heart failure patientsll, and focal ventricular tachycardialz.

This report describes the first case in which ECGI was applied in a patient with a focal atrial
tachycardia. In particular, ECGI accurately located the earliest site of activation in an atrium
which had previously undergone two percutaneous pulmonary vein isolation procedures. The
tachyarrhythmia was successfully terminated with radio frequency (RF) ablation in the ECGI-
determined location.

Case Report

A fifty-five year old Caucasian female with a history of two prior pulmonary vein isolation
procedures for long standing atrial fibrillation was evaluated for increasing palpitations and an
episode of near syncope. She had a history of rheumatic mitral valve disease and had undergone
a percutaneous valvuloplasty nine years prior. Since her valvuloplasty, she had an average of
two admissions each year for symptomatic atrial fibrillation. She was cardioverted each time
and, in addition to her oral anticoagulation, she was tried on a number of antiarrhythmic
medications without sustained success. She underwent percutaneous pulmonary vein isolation
procedures fourteen and six months prior to this admission. Low voltage electrograms were
recorded throughout the left atrium during the first and second procedures. Transthoracic and
transesophageal echocardiography demonstrated marked left atrial enlargement (~5.6 cm),
mild mitral stenosis (mean gradient = 6-8 mmHg) and mild-to-moderate mitral regurgitation.
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When she presented with recurring palpitations after the second pulmonary vein isolation
procedure, an ECG revealed an ectopic atrial tachycardia with a rate of 136bpm. Figure 2 shows
a 12 lead ECG recorded during the tachycardia that demonstrates the P-wave morphology.
Neither sotalol nor dofetilide suppressed the arrhythmia. The decision was made to attempt an
ablation procedure. Prior to the procedure, ECGI was performed to noninvasively localize the
source of tachycardia.

ECGlI-reconstructed atrial epicardial surface voltage maps were produced for a single P-wave
extracted during the tachycardia (Figure 3). At the onset of the surface P wave, an epicardial
breakthrough (local potential minimum) was imaged on the left atrium, near the atrial septum
(Figure 3A). During the end of the surface P wave, a repolarization pattern with reverse polarity
(local potential maximum) appeared at the same site (Figure 3B). These observations strongly
suggested the existence of an activation source at the breakthrough site. These findings were
consistent for several ECGI imaged P waves during the tachycardia. Panel C superimposes the
site of the breakthrough on a CT image. As shown, the earliest site of activation determined
by ECGI was located on the roof of the left atrium, between the right superior pulmonary vein
and the atrial septum (Figure 3C).

Additionally, ECGI-reconstructed atrial epicardial potential maps were organized by location
to provide temporal electrograms for any given site on the atrial epicardium. A three-
dimensional map encoding electrogram magnitudes is shown in Figure 3D. Very low
magnitude electrograms were reconstructed on the posterior left atrium, especially around the
pulmonary veins, consistent with scar from the patient’s previous pulmonary vein isolation
procedures. For reference, ECGIl-imaged atrial electrogram magnitudes in normal subjects
range from 0.6mV to 1mV. Diffuse low voltages were also observed on the posterior wall of
the left atrium. This probably reflects the patient’s underlying disease and the effects of the
two prior ablation procedures. Diffuse low voltage was observed during the initial study prior
to the pulmonary vein isolation. The prior procedures induced wide circumferential ablation
that contained much of the posterior wall, linear lesions connecting the superior veins and
inferior veins, and ablation of residual potentials recorded on the posterior wall by a LASSO
catheter (Biosense Webster, Diamond Bar, CA). During the ECGI study, potentials could not
be identified within the pulmonary veins nor within the antra around the orifices, suggesting
successful prior pulmonary vein isolation procedures. This was consistent with recordings
made by a lasso catheter during the study.

At the onset of the EP study that followed the ECGI procedure, the patient was in an atrial
tachycardia with a cycle length of 540ms. Using a lasso catheter, all four pulmonary veins were
determined to be electrically isolated. Right and left atrial electroanatomic catheter mapping
identified a focal tachycardia originating from the superior left atrium, between the right
superior pulmonary vein and the atrial septum (Figure 4). Figure 4A is a catheter
electroanatomic isochrone map (CARTO, Biosense Webster, Diamond Bar, CA) constructed
in the electrophysiology (EP) laboratory during mapping and ablation of the tachycardia. The
site of earliest activation is indicated by the white dot. RF energy was applied at this site and
circumferentially around this site as indicated by the red markers. Diastolic potentials were
recorded 58ms before the onset of the surface P-wave near the ECGI-predicted site (Figure
4B). The tachycardia was terminated with application of RF energy to this location, and the
tachycardia did not recur with administration of isoproterenol. The patient concluded the study
in sinus rhythm.

Conclusion

This report describes a clinical application of the ECGI noninvasive electrical imaging system
as an adjunctive technology to accurately identify the specific origin of a focal left atrial
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tachycardia and atrial electrophysiological substrate prior to catheter ablation. This case has
several points of interest. Atrial tachycardias are relatively common in patients with atrial
fibrillation who have undergone isolation of the pulmonary veins and often require additional
mapping and ablation. Localization of an atrial tachycardia by analysis of the standard 12 lead
ECG is difficult because the P-wave morphology can be affected by the T-wave. Moreover,
the criteria for interpretation of P-wave morphology recorded on a standard lead Eccl4 may
not be valid in patients with diseased atria who have undergone circumferential pulmonary
vein isolation combined with ablation of fragmented potentials. In the case under discussion,
ECGI correctly located the arrhythmic focus to the roof of the left atrium, between the right
superior pulmonary vein and atrial septum. Because the CT scan was not registered to the
CARTO electroanatomic image, a precise quantitative measure of localization accuracy could
not be obtained. ECGI also identified areas of low voltage on the posterior wall of the left
atrium that were attributable to the patient’s prior ablation procedures and underlying atrial
myopathy. The feasibility of assessing PV isolation noninvasively using ECGI will be further
tested in a larger study. Despite an abnormal left atrial substrate with extensive scar tissue,
ECGI was accurate in its localization of the focus of the tachycardia. Although further work
remains to prove its clinical utility in large groups of patients, ECGI offers promise for
improved noninvasive analysis of the origin and mechanisms of atrial arrhythmias.
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Figure 1.

The ECGI procedure. Body surface potential maps (BSPM) are recorded using a multi-channel
(256-electrode) mapping system. Non-contrast CT images with the body surface ECGI
electrodes applied, simultaneously record the locations of the electrodes (shining dots in CT
images) and the geometry of the heart surface. In this study, images from an ECG-gated CT
scan were reconstructed at 20% and 70% of the RR interval. By combining the BSPM and
heart-torso geometry information, ECGI reconstructs potential maps, electrograms, isochrones
(activation sequences) and repolarization patterns on the epicardial surface of the heart.

Modified from reference 1,
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Figure 2.
Patient’s 12-lead surface ECG
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Figure 3.

ECGI three-dimensional voltage and electrogram maps: Panel A and B show atrial epicardial
potential maps at 10 ms and 112 ms after the onset of the surface P wave. Panel A captures the
epicardial breakthrough pattern during activation, and Panel B shows the repolarization pattern
with reverse polarity. The white asterisk indicates the site of earliest activation as predicted by
ECGI. Panel C shows the ECGI-determined earliest activation site (white asterisk) ona CT
image of the atria. Panel D is an electrogram magnitude map (peak-to-peak) reconstructed by
ECGI (posterior view). The dark blue represents a region of low magnitude electrograms,
indicating a scar region. Three electrograms selected from a non-scar region (a) and from the
scar region (b, c) are shown. Location of low magnitude electrograms is consistent with prior
pulmonary vein isolations and left atrial substrate modification. RIPV = right inferior
pulmonary vein; LIPV = left inferior pulmonary vein; RSPV = right superior pulmonary vein;
LSPV = left superior pulmonary vein; LAA = left atrial appendage; RAA = right atrial
appendage;
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Figure 4.

Electroanatomic isochrone map and multichannel intracardiac electrograms. Panel A is the left
atrial electroanatomic isochrone map. The white marker (arrow) identifies the ablation site that
successfully terminated the atrial tachycardia. The red markers are sites where RF energy was
applied circumferentially around the site of earliest activation. Panel B is the multichannel
endocardial electrogram recording prior to successful ablation, with the ablation catheter at the
superior left atrium, near the activation site predicted by ECGI. Surface leads I, aVF, and V1
are followed by intracardiac recordings from the ablation catheter, a decapolar catheter located
on the lateral wall of the right atrium, and a decapolar catheter positioned in the coronary sinus
(proximal to distal). The ablation catheter measured spontaneous diastolic potentials 58 msec
prior to the onset of the surface P wave.
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