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Introduction

Clinical motivation

Atrial fibrillation (AF) is the most frequent cardiac arrhythmia
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Consequences of AF include heart failure, stroke, dementia, doubled mortality
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Introduction

Why AF?
Incorrect interaction between activation mechanisms and an anomalous
atrlal SUbStrate Ectopic focus Rotor Multiple wavelets

e Multiple wavelet hypothesis ‘ ‘ '
Moe et al., Am Heart J., 1959

Multiple epicardial
wavelets

Rotor formation Intramural rotor

e Ectopic beats in pulmonary veins

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

Breakthroughs Drifting rotor

 Rotor hypothesis

Eckstein et al., Swiss Med Week., 2009
Guillem et al., CVR, 2016
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Introduction

AF treatment: catheter ablation

Introduction of catheters to focally burn sites involved into the AF

|

prevents ectopic impulses to trigger AF
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Introduction

Mechanisms of AF Catheter ablation

7

characterization of atrial propagation using intracardiac electrograms (EGMs)
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Accuracy evaluation of conduction velocity and propagation direction estimated with

OP-EGM method BSﬁ.CQS
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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) I
/7N
Single activation focus at 3 locations ¢ |/
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Clinical data
e Epicardial u-EGMs during sinus rhythm (SR) and (electrically induced) AF

 Rectangular 8 x 16 MEA

(2 mm inter-electrode distance)
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Yaksh et al., J Interv Card Electrophysiol., 2015
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OP-EGM method

» Locally homogeneous and plane wave hypothesis
E(t) =—-Vo(t)

E(t)=E,(t)a+ E,(t) n+ E, () W

,‘Imr.:lur'rp

= 2D
4
fn Velocity - v -

 Activation= a

Wavecrest
Traveling wave

p(x,y,2,1t)

Wavecrest = w

Deno et al., IEEE TBME, 2017

E,p(t) =Eq(t)d + E,(t)w

Surface —
normal = n
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OP-EGM method 4, =[-8 0-2 8 0-a

0OA AAA O
E(t) = [Ex(t) E,(D]"
A () = [A@12(t) Ap13(t) Ap14(t) Apa3(t) Apoa(t) Apsa (D]

6 b-EGMs
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OP-EGM method SN
. (1) _ |
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LATs-based estimation

» Linear propagation model in each clique: t(z.y) = a1 + asz + asy

ot Bayly et al., IEEE TBME, 1998
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Conduction velocity maps and validation

Simulated data
Maps of CV and propagation directions

For each cligue: e« True conduction velocity

—_

¢ £y = CVestim _ CVtrue
~ mean + SD across the MEA

¢ g5 = |eestim _ etruel

mean total error
Clinical data

Maps of CV and propagation directions
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Results and Discussion

Simulated data
Conduction velocity maps v, =0.6mm/ms v, =12mm/ms

Reference LATs (ms)
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Simulated data

Simulated tissue characteristics | focus | €& (mm/ms) ek (mm/ms) ST (deg) ebAT (deg)
Isotropic center | 0.1535 £ 0.067 0.015 £ 0.057 441 +£39 235+ 2.69

0.6 MY bottom | 0.12T £ 0.074 0.000 £ 0.062 378 £ 321 | 3.I5 £ 2.86
. . corner | 0,177 £ 0.071 0.006 £ 0.057 728504 | 447 +3.27
Tsotropic center | 0.095 + 0.322 0.045 = 0.191 . 1.5+ 11.8 6.99 + 6.42
T bottom | 0.053 = 0.005 | 0.003 £ 2.11=10"" 6.64 = 4.3 4.35 £ 2.81

Uz =ty = 1 mmims DTOT057 | 006 E0Te8 | 12842 | 736 55T

corner | 0. . . . . : 5

Anisotropic, center | 0.104 £ 0.173 0.013 £ 0.133 4.07 £ 3.32 395 £+ 2.64
vy = 1.2 mm/ms bottom | 0.117 = 0.095 0.017 £ 0.075 .43 £+ 1.32 1.49 = 2.35
vy, = 0.6 mm/ms corner | 0.118 £ 0.083 0.012 £ 0.071 6.47 = 4.51 5.16 £ 3.5
Anisotropic, center | 0.143 £ 0.351 0.051 £ 0.222 6.3 6.7 4.53 £ 3.6
v, = (.6 mm/ms bottom | 0.127 + 0.067 0.012 £+ 0.065 241 + 1.95 3.04 £ 2.12
vy, = 1.2 mm/ms corner | 0,154 £0.174 0.017 £ 0.124 8.19 + 6.82 516 £4.13
Anisotropic, center | -0.049 + (0.149 -0.019 4+ 0.069 225+ 613 5.67 + 3.84

vy = 2 mm/ms bottom | 0.056 = 0.003 | 0.002 = 7.710 © | .66 = 0.974 | 1.00 = 0.688 |
vy = 1 mm/ms corner | 0.008 = 0.187 -0.005 = 0.11 1.8 = 10.1 7.68 £ 6.59
Anisotropic, center | -0.15 £ 0.253 -0.04 = 0.141 1.7 £9 71.28 = 52.7
v, = 1 mm/ms bottom | 0.051 £ 0.008 | 8.28x<10 "L 0.004 | 4.24 £ 2.52 205t 1.66
vy = 2 mm/ms corner | (.035 = 0.382 0.027 £ 0.265 19.7 £+ 21.3 10.3 £+ 8.25

Mean total error

0.08 = 0.205

0.007 = 0.13

7.3 £ 8.96

4.86 = 4.81

Results and Discussion

Validation
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Results and Discussion

Clinical data
Conduction velocity maps

AF

CV (OP-EGM) (mm/ms) CV (LAT) (mm/ms)

Reference LATs (ms)
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Results and Discussion

Clinical data
Conduction velocity maps

AF

CV (OP-EGM) (mm/ms) Reference LATs (ms)
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e Good concordance of OP-EGM and LAT-based estimations with the
simulated propagation patterns

e 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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