Influence of limited lead selection on source localization in magnetocardiography and electrocardiography
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In multichannel recordings of both magnetic field map (MFM) and body surface potential map (BSPM), we typically encounter the problem of redundancy and uniqueness of signal information contained in a large number of leads. In this study, we examined the influence of limited lead selection on the source localization. 

We applied the iterative statistical technique (IST) developed by Lux [1] to estimate a transfer matrix that optimally determined measured MFMs and BSPMs from a limited array of leads. This estimator minimizes the RMS error of the estimated map and is based on selecting at each iteration the lead that has the highest correlated with all other leads. 

To apply IST to both MFMs and BSPMs, we used measured [2] and simulated data sets; to evaluate effectiveness of IST, we also generated random sets of leads. Simulated MFMs and BSPMs were generated by a number of single dipole sources positioned inside the heart in a realistic torso model. From this database, we selected optimal subsets with 8,10,…,32 leads for each mapping modality. Following, we used an anatomical model [3] of the human ventricles to simulate the activation at 10 single pacing sites located along the atrio-ventricular ring of the epicardium and to calculate the corresponding BSPMs and MFMs. From these maps we localized the preexcitation sites with a single dipole model using optimally and randomly obtained subsets. Optimally selected leads always performed better than random ones. After selecting 20 optimal leads, we obtained the dipole positions, which were on average only within few millimeters away from the positions calculated from the complete lead systems consisting of 128 MFM and 117 BSPM leads, respectively.
The main finding of our study is that markedly smaller number of leads, in comparison to that currently employed in systems for both BSPM and MFM recordings, may be sufficient to extract clinically significant information.
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