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Introduction
Clinical motivation 

Atrial fibrillation (AF) is the most frequent cardiac arrhythmia

Consequences of AF include heart failure, stroke, dementia, doubled mortality

Ng et al., Cardiol Ther., 2013
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Why AF?
Introduction

Incorrect interaction between activation mechanisms and an anomalous
atrial substrate

• Multiple wavelet hypothesis

• Ectopic beats in pulmonary veins

• Rotor hypothesis

Moe et al., Am Heart J., 1959

Haïsaguerre et al., N Engl J Med., 1998

Eckstein et al., Swiss Med Week., 2009
Guillem et al., CVR, 2016
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Introduction
AF treatment: catheter ablation

Verma et al., N Engl J Med., 2015

Introduction of catheters to focally burn sites involved into the AF 

prevents ectopic impulses to trigger AF
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Mechanisms of AF 
Introduction

characterization of atrial propagation using intracardiac electrograms (EGMs)

Catheter ablation 

Unipolar EGM (u-EGM) Bipolar EGMs (b-EGMs)

Aim
Accuracy evaluation of conduction velocity and propagation direction estimated with
OP-EGM method

clique Deno et al., IEEE TBME, 2017
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Materials
Simulated data 

• 2-D slice
(18 x 34 x 2 mm)

• Rectangular 8 x 16 multi-electrode array (MEA)
(2 mm inter-electrode distance)

• Isotropic and anisotropic propagation patterns
(anisotropy ratio = 0.5)

• Single activation focus at 3 locations
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Materials
Clinical data 

• Epicardial u-EGMs during sinus rhythm (SR) and (electrically induced) AF

• Rectangular 8 x 16 MEA
(2 mm inter-electrode distance)

Yaksh et al., J Interv Card Electrophysiol., 2015
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Methods
OP-EGM method 

2-D

 Locally homogeneous and plane wave hypothesis

Deno et al., IEEE TBME, 2017

𝑬𝑬 𝑡𝑡 = −𝛻𝛻𝜑𝜑(𝑡𝑡)

→
𝒂𝒂

→
𝒏𝒏

→
𝒘𝒘

𝑬𝑬 𝑡𝑡 = 𝐸𝐸𝑎𝑎 𝑡𝑡 𝒂𝒂 + 𝐸𝐸𝑛𝑛 𝑡𝑡 𝒏𝒏 + 𝐸𝐸𝑤𝑤 𝑡𝑡 𝒘𝒘

𝑬𝑬𝟐𝟐𝟐𝟐 𝑡𝑡 = 𝐸𝐸𝑎𝑎 𝑡𝑡 𝒂𝒂 + 𝐸𝐸𝑤𝑤 𝑡𝑡 𝒘𝒘
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Methods
OP-EGM method 

21

3 4

6 b-EGMs

1-2

1-3

3-4

… 

𝑬𝑬(𝑡𝑡) = (−Δ𝑿𝑿 Δ𝑿𝑿𝑇𝑇)−1Δ𝑿𝑿 Δ φ 𝑡𝑡
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Methods
OP-EGM method 

𝒗𝒗(𝑡𝑡) =
�̇�𝜑(𝑡𝑡)
𝐸𝐸𝑎𝑎(𝑡𝑡)

𝒂𝒂𝑬𝑬 𝑡𝑡 � 𝒗𝒗 𝑡𝑡 = �̇�𝜑(𝑡𝑡)

𝒂𝒂 = 𝑚𝑚𝑚𝑚𝑥𝑥 < �̇�𝜑 𝑡𝑡 ,𝑬𝑬 𝑡𝑡 � 𝒂𝒂 >
𝒂𝒂

𝒗𝒗(𝑡𝑡) =
[�̇�𝜑 𝑡𝑡 ]𝑝𝑝𝑝𝑝
[𝐸𝐸𝑎𝑎 𝑡𝑡 ]𝑝𝑝𝑝𝑝

𝒗𝒗(𝑡𝑡) =
𝑆𝑆𝑆𝑆[�̇�𝜑 𝑡𝑡 ]
𝑆𝑆𝑆𝑆[𝐸𝐸𝑎𝑎 𝑡𝑡 ]
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Methods
LATs-based estimation 

Simulated data
Maximum negative slope of u-EGM

Clinical data
LATs manually detected

• Linear propagation model in each clique:
Bayly et al., IEEE TBME, 1998
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Methods 
Conduction velocity maps and validation 

Simulated data

• True conduction velocity

• ε𝐶𝐶𝐶𝐶 = CV𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 - CV𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒

• εθ = |θ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 - θ𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒|

For each clique: 

mean ± SD across the MEA

Clinical data

Maps of CV and propagation directions

Maps of CV and propagation directions

mean total error
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Results and Discussion  
Simulated data 

Conduction velocity maps
CV (OP-EGM) (mm/ms)
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Results and Discussion  
Simulated data Validation
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Results and Discussion  
Clinical data 

Conduction velocity maps
AF
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Results and Discussion  
Clinical data 

Conduction velocity maps
AF
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Conclusion  

• Good concordance of OP-EGM and LAT-based estimations with the
simulated propagation patterns

• Lower estimation errors provided by LATs-based approach in most of
the cases

• Smoother and more coherent propagation patterns of OP-EGM
method during AF
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Conclusion  

• OP-EGM does not require LAT detection

• OP-EGM exploits the spatio-temporal information encoded in the 
signal shape, avoiding the problems of b-EGMs

• OP-EGM assumes homogeneous and plane wave within each clique
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