Noninvasive localization of premature ventricular complexes

A research-community-based approach
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Background

Noninvasive localization of premature ventricular complexes (PVCs) to guide ablation
therapy is one of the emerging applications of electrocardiographic imaging (ECGI).
Many implementations of ECGI exist, and one example is shown in Figure 1. Recent
validation studies of ECGI show a range of accuracy in localizing PVCs or paced beats,
see Table 1. Because of its increasing clinical use, it is essential to compare the many
implementations of ECGI to understand the specific characteristics of each approach.
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Figure 1: Electrocardiographic imaging (ECGI) as developed in
Maastricht is only one of many of current ECGI implementations.
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Medium & method > > s g S S 2 o
Torso tank
Single site epicardial pacing in torso tank - - - <1.0 1
Single and dual site epicardial pacing in torso tank - 4 0.81 0.2 2
Humans
Intraoperative mapping in patients while pacing 3 5 0.72 £ 0.25* ~ 1.0 3
(nonsimultaneous recording, open chest)
Ventricular pacing by implanted pacemaker 4 6 - 0.5 1
Endocardial atrial pacing in AF patients 6 37 - 0.6+0.4 4
Epicardial ventricular pacing 4 79 - 1.320.9 >
Pacemaker atrial/ventricular pacing 29 456t - 0.9+0.6 6
Endocardial atrial/ventricular pacing 5 412t - 0.710.2 6
Canines
Epicardial and endocardial ventricular pacing 4 93 0.71 [0.36-0.86]% 1.0 [0.7-1.7]% 7

Table 1: Overview of recent in vivo validation studies of the potential-based problem of ECGI. Only studies
providing quantitative data (i.e., pacing location mismatch or invasive electrogram comparison) on ECGI
validation were included.

* Determined by allowing a time-shift (cross-correlation); 1 Includes beats paced from identical locations
(non-unique morphology); ¥ (median [IQR]); Qal: Qualitative comparison, no quantitative comparison.

Objective

The Consortium of ECG Imaging (CEl, see ecg-imaging.org) is a community of
researchers aiming to collaborate in the field of ECGI, and to objectively compare and
improve methods. Here, we will specifically compare methods to localize the origin of
PVCs with ECGI.
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Methods Results

Our consortium hosts a repository of ECGI data on its website, Figure 3. For the current Four research groups submitted 11 entries for this study. Figure 5 shows the

study, participants analysed simulated electrocardiograms from premature beats, localization error between the known and reconstructed origin of each PVC for each
freely available on that website. These PVCs were simulated to originate from eight submission, categorized per source model. Each colour represents one research group
ventricular locations and the resulting body-surface potentials were computed, Figure and some groups submitted results using different approaches. These results

4. These body-surface electrocardiograms (and the torso-heart geometry) were then demonstrate that the variation of accuracy was larger among research groups than
provided to the study participants to apply their ECGI algorithms to determine the among the source models. Most submissions achieved an error below 2 cm, but none
origin of the PVCs. Participants could choose freely among four different source performed with a consistent sub-centimetre accuracy.

models, i.e., representations of the bioelectric fields reconstructed from ECGI: 1)
epicardial potentials (POT,;), 2) epicardial & endocardial potentials (POT,,igengo)r 3)
transmembrane potentials on the endocardium and epicardium (TMP, e.n40) and 4) 50
transmembrame potentials throughout the myocardium (TMP_ ). Participants were
free to employ any software implementation of ECGI| and were blinded to the ground
truth data.
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Figure 5: Localization error between the known origin and reconstructed origin of each

reconstructed beat (circles), with boxplots summarizing the data per research group and
cardiac source. Colors are unique for each participating research group.

Conclusion

This study demonstrates a successful community-based approach to study different
ECGI methods for PVC localization. The goal was not to rank research groups but to
compare both source models and numerical implementations. PVC localization with
these methods was not as dependent on the source representation as it was on the
implementation of ECGI. Consequently, ECGI validation should not be performed on
generic methods, but should be specifically performed for each lab’s implementation.
The novelty of this study is that it achieves this in the first open, international
comparison of approaches using a common set of gold standards. Continued
collaborative validation is essential to understand the effect of implementation
differences, in order to reach significant improvements and arrive at clinically-relevant
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Figure 4: Potentials on the myocardium are simulated from a virtual origin. The resulting body-surface References
potentials are calculated by solving the forward problem, and noise is added for realism. The torso-heart 1. Circulation 1997;96:1012-24; 2. Ann Biomed Eng 2005: 1187-201. 3. Heart Rhythm 2005;2:339-54. 4. Circulation 2010;122:1364-72.
geometry and body_surface poten“als are then prov|ded to the par“C'pantS (b“nded to the cardiac aC'“V'ty 5. Circ Arrhythm Electrophysiol 2012;5:1001-9. 6. Europace 2015;17:1282-8. 7. JACC: Clinical Electrophysiology 2017;3:232-242

and source), who then solve the inverse problem to determine the origin of the simulated beat.
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