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Inverse Problems in 
Electrocardiography
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What is ECGI?

Torso
 Geomtry

Physiological
Constraints

Physical
Laws

Solution 
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It Works (or It Can Work)
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Body Surface Potentials
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ECG to BSPM

Taccardi et al, 
Circ., 1963 

!"#$%&'&()*+&,-%%./'#*-
%&)&-%!',0,#-(-1&#&(/,!&(/&% 

Performance of ECG

J Cardiol 2011;108:1096–1101 
32-86% 55-83% 
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More Leads = More Information

J. Cardiovasc. Electrophys.Volume 9, Issue 7, pages 773–786, July 1998 

Adv Cardiol. 1978;21:36-9. 
Criteria for localizing preexcited areas from body surface maps 
in Wolff-Parkinson-White patients. 
De Ambroggi L, Taccardi B, Macchi E, Perotta GM. 
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Example
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PTCA Example

Computers in Cardiol., 1989 
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How Much Information?

IEEE Transactions on Information Technology in Biomedicine, 2009, 13, 3, 330 

J Electrocardiol. 2008;41(6):458–465. 
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More Leads = More Time

BSPM Summary 
• “...reliability and test performance of body 

surface mapping in CAD is promising” 

• “ The limited evidence that is available 
demonstrates proof of concept...” 

• “Further research is needed to better 
characterize the performance characteristics 
of these devices....” 

Aetna Clinical Policy Bulletin: Body Surface Potential Mapping, 2010. 
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Torso
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Physiological
Constraints

Physical
Laws

Solution 

Inverse Problem

Bioelectric Field Problem Basics

Forward 

Inverse 
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+ 

+

-

Source Volume Conductor Model
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Dipole 
Epicardial 
Potentials 

Epi-Endocardial 
Activation Time 

Simple, few leads, 
conventional 

Measurable, 
comprehensive, unique 

Measurable, clinically 
directly useful 

Not unique, not 
measurable, requires 
assumptions, misses 
details 

Interpretation ambiguous, 
complex, ill-posed 

Uniqueness unclear, 
tenuous assumptions, ill-
posed 
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Activation
Forward problem 

Body Surface 
Potentials 

Geometric 
Model 

Epicardial/Endocardial 
Activation Time 

Inverse problem Thom Oostendorp, 

Univ. of Nijmegen 
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How To Solve an Inverse Problem
Image Acquisition 

& Processing 

Structure Identification 
(Segmentation) 

Surface Modeling 

Volume Modeling 
(Meshing) 

Parameters & Boundary 
Conditions 

Verification & 
Parameter Sensitivity 

Boundary 
Conditions 

Measured 
Data 

Discrete 
Points 

Visualization 
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What Does Ill-Posed Mean?
✓A solution exists 

✓ The solution is unique 

✓ The solution depends continuously on the data, in 
some reasonable topology. 
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Constraints

Torso
 Geomtry

Physiological
Constraints

Physical
Laws

Solution 

∇2φ = − 
Iv 

σ 
∇2φ = 0  
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Applying Constraints
Closed Form Iterative Guess 

(new) solution 

Compute 
Forward Soln 

Calculate 
Difference 

Below 
Threshold 

? 

Answer 

xλ = (AT A + λM)−1 AT y 

with solution 
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Results
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Acute Ischemia
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Mathematical Biosciences. 2007;210(2):523–553. 
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SIMULA RESEARCH LABORATORY 
2010, Part 2, 287-319 
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True 

Inverse 
Computed 

Dafang, Kirby, Johnson, Macleod, Unpublished Results 
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Measurements

Aras, Swenson, Burton, Macleod. Unpublished Results 
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Tools for Learning

ECGSim 

www.ecgsim.org 


