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A Pipeline for Generating Physiological Volumetric ECG Signals
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Simulation of electrocardiographic signals from normal and pathophysiological hearts presents a new opportunity to meet a growing S =4

demand in research and device development. The demand arises from clinically motivated research and commercial device e BEYEE E¢ / i\\
development to improve detection and localization of, for example, regions of ischemia, abnormal conduction, or arrhythmic substrate. i S _ ! RSN
The challenge arises due to limited access, especially to measured intracardiac and torso volume potentials in both humans and animal |

models. Accurate simulation can fill in these missing gaps, leveraging the measured data that are actually available as well as information
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from noninvasive imaging techniques to create highly realistic and flexible models. SwreD e H
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We have developed a complete pipeline of algorithms and software tools to generate electrocardiographic data in human torso CommOsnBrT Tt S ) ] | Z 0 T N Z 2 0 gi\ '/\ f > f\ > 0
geometries for use in a variety of applications. Our pipeline for cardiac arrhythmia potential simulation (caps) makes use of our database lysyemdle e T - 5‘0-15 o 0 — =7 2 0 —A = P "[ 02 ; -
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of animal experiments [1] by inserting the cardiac geometry and potential data into our human torso geometries [2] and simulating
potentials with the Fwd/Inv Toolkit in SCIRun [3]. This modular approach allows for combining data from animal recordings and patient
geometries, increasing the amount of data that can be generated.
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Using the caps pipeline, we combined experimental animal recordings with human geometries to create clinically relevant data in any 0 200 400 600 0 200 400 600

location of the torso. We created volumetric recording demonstrating arrnythmias in human torsos. These sample data and others
generated show that the caps can be used to generate realistic torso potential signals, especially those generated by arrnythmias.
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Registered | Figure 4. I.IIustratlon of_ the use and oqtput of the caps pipeline. The pipeline brings together various data types, software, C o e es JU ey e
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Figure 6. Example ECG recordings and potential maps generated by the caps pipeline. Three arrhythmias from three separate animal subjects are
Figure 1. Diagram of the caps pipeline for generating volumetric ECGs in human torsos. caps combines a database of animal shown with their corresponding normal sinus beat data. Time signals are the standard 12 ECG calculated from the collected cardiac data, blue
heart data with a database of human torso geometries to generated large amounts of electrograms data in human geometries. 59 ms 50 ms 61 ms tracings are sinus rhythm, and red tracings are arrhythmia recordings. The potential maps show potential field on the surface of the heart and torso
The combination involves geometric registration, temporal correction for changes in conduction velocities, and simulation of the g 46 ms 39 ms 47 ms at the peak of the QRS tor the normal sinus rhythm and the arrhythmia.
forward problem using the Fwd/Inv Toolkit. — | 33ms 28 ms 32 ms
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. ' Figure 5. Activation maps from example animal experiments registered to a patient geometry. Top row shows the The caps pipeline can generate much more data by combining animal cardiac recordings with human torso geometry. The results of the pipeline
. actlv_atlon map for an arr.hythmla, and the bottom. row §hows the sinus l:?eat activation profile. The sinus activation is fallrly are realistic signals that are comparable to corresponding signals in humans patients.
Manual o consistent across experiments. Each column is a different arrhythmia. There is a greater difference when comparing . _ _ _ _ _ _ | L
Ciret GUESS @i to human activation, but the qualitative comparison is still similar [4]. The arrhythmia activation profiles match * In add!tlon to preserving a physiologically consistent conduction velocity, our temporal correction steps help to produce human like timing in the
A Project Change in physiologically expected profiles and are similar to those generated from ECGSim for PVC and VT [3]. ECG signals.
o T Sationt SO\ 7 Points Edge Length * Mean QRS duration of 76 +/- 2 ms for each of the datasets test. The QRS duration recorded from the animal experiments was 43.8 +/- 0.6 ms.
Geometries Heart . Reﬂ';’;ﬂed Experimental \ Time Corrected * Mean QT intervals was 310 +/- 10ms. The QT unterval recorded from the animal experiments was 175 +/- 8 ms.
" Geometry/ Heart Potentials ACkI‘I OW|EdgementS » Differences in temporal and spatial profiles are likely due to experimental intervention and geometric reconstruction errors.
J This research is made possible with support from Medtronic, the Treadwell Foundation, and the National Institute of General Medical ) (?omparing the. morphcl)logiesl of the sinus rhythm dat_a ShQW s_imilarities o those 9bserved clinically, though there are some noticeable
r ~ Sciences of the National Institutes of Health under grant number P41 GM103545-17. Support was also provided by Josh Blauer, Wilson differences, particularly in the limb leads, and some fractionations in some ECG recordings.
Good, Darrell Swenson, and Dana Brooks. * The potential maps of the sinus rhythm provide suggest that the activation profile is slightly different during the QRS, but also in profiles with
| | | | | | | | | | each other and compared to human data [4].
Figure 2. Registration of the experimental heart geometries to the Figure 3. Temporal correction of the time signals used in L . . s . . . .
human torso geometries used in the caps pipeline. For geometric the caps pipeline to mitigate electrical changes due to Bibl iog I'aphy * The arrhythmia time signals demonstrate profiles that are qualitatively similar to humans for the provided arrhythmia, as do the potential maps.
registration, a modified iterative closest point (ICP) registration with geometric changes, such as conduction velocity. The N | Our results show that it is possible to create ECG data that are similar to human arrhythmias from animal cardiac recordings. We showed that PVCs,
an interactive first guess is used to register the heart geometries, temporal correction is based on the change in the edge 1] K. Aras, D. Swenson, R.S. MacLeod. J. Electrocardiol. vol. 44 (6) pp 748, 2011. VT, and VF can be recreated using the caps pipeline. We can simulate electrocardiographic fields from ischemia, AV node blocks, and bundle
. . o . 2] M. Jolley, J. Stinstra, J. Tate, S. Pieper, R. MacLeod, L. Chu, P. Wang, and J. Triedman. Heart Rhythm, 7 (No. 5, May 2010):692-698, 2010. - - : : : : :
then the electrode locations are projected onto the human hearts. lengths of the geometry as it is registered to the human 3] B.Burton J. Tate, B. Erem, D. Swenson, D. Wang, M. Steffen. D. Brooks, P. van Dam, R. Macleod. Conference of the IEEE EMBS 2011. branch block, and other arrhythnmias. Using simulated electrocardiographic data, we can generate more volumetric torso recordings than through
torsos. The difference is used to determine the sampling 4] D. Durrer, R. van Dam, G. Freud, M. Janse, F.L. Meijler, and R.C. Arzbaecher. Circ. vol. 41 899-912, 1970. experimentation alone, including recordings from locations which are otherwise impossible, and can be mapped to differing species with promising
factor for the time signals after bad leads are corrected. 5] P. van Dam, E. M van Dam, A. van Oosterom, T. Oostendorp. Comp. in Cardiology, 2014. results. With the caps pipeline, we can provide data needed to improve detection and location, and thus treatment for many cardiac disorders.




