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The Bike is Here



And Generating Data



And Generating Data



And Generating Data



And Generating Data



And Generating Data



And Generating Data



Can we Compare Data?

San Jose

Salt Lake 
City
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One Challenge Has Not 
Gone Away: Evaluation



Evaluation is Essential



It is Complicated



And When in Doubt, it Should be Clinical



R.S. MacLeod and D.H. Brooks. Validation Approaches for Electrocardiographic Inverse Problems. In 
Computational Inverse Problems in Electrocardiography, Peter Johnston ed., 2000. 



Physical Phantoms

Burger and Van Milan, British Heart Journal,  
1948.

 Nagata, Japanese Heart Journal, 1970.



Physical Phantoms



Animal Phantoms

Bear L, et al. Circ Arrhythm Electrophysiol, 2015



Computational Models



Computational Models

Krueger et al., Med Biol Eng Comput (2013) 51:1251–1260 



Clinical Validation



Clinical Validation

Berger T, et al.. J Am Coll Cardiol 2006;48(10):2045–52 

Predicted

Ablated



Clinical Validation



Clinical Validation

van Dam et al. J. Electrocardiology 46 (2013) 574–579 
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The Metrics: 
How Should We Compare?



Statistical Metrics

Correlation Coefficient

Relative Error

Maximum Error

RMS Error



Qualitative Comparison



Hybrid Metrics

How big is 
that peak?

How far is it 
from the 
occlusion?

Does it change over time?



Clinical Metrics

van Dam et al. J. Electrocardiology 46 (2013) 574–579 

How far apart are these 
locations?
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Uncertainty Quantification: 
Capturing more than Error



Quantifying Uncertainty



Study1: Variation in Conductivity

S.E. Geneser, R.M. Kirby, and R.S. MacLeod. IEEE T-BME, 55(1):31–40, 2008. 



Results in 2D



Study 2: Respiratory Heart Motion
Supine to Prone

c
ba

Pendulum motion
Pivot 30

D.J. Swenson, S.E. Geneser, J.G. Stinstra, R.M. Kirby, and R.S. MacLeod. Cardiac Position Sensitivity 
Study in the Electrocardiographic Forward Problem Using Stochastic Collocation and BEM.  Ann. 

Biomed. Eng., 39(12):2900–2910, 2011. 



Results
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We Need to Work 
Together



Time to Meet 2004

VRED, Meeting, 2004



A Little History

Ron Selvester, 
1922-2015



Time to Meet 2015

First CEI Meeting, 
Herrenalb, Germany, 2015



CEI 2015



Sharing Data Phase I



Sharing Data Phase II



Back to the Message

Admit Uncertainty: We Owe it to 

the Docs and the Patients

Evaluation Rocks



And We Have to Do it Together



To Learn More

www.ecg-imaging.org

ibbm.sci.utah.edu

www.cinc2015.org


