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Prevalence of AF predicted to more than double by 2050 

Miyasaka Y et al. Circulation 2006;114:119–25 
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Projected incidence of AF assuming no further 
increase in age-adjusted incidence 

Projected incidence of AF assuming a 
continued increase in age-adjusted incidence 
as evident in 1980–2000 
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Leading circle- functional re-entry 

Moe G. AHJ 1959;58:59-70, Alessie M. Circ Res 1977;41:9-18 



PAFib initiation 

http://content.nejm.org/content/vol339/issue10/images/large/03f3.jpeg
http://content.nejm.org/content/vol339/issue10/images/large/03f3.jpeg




Atrial musculature 
Nathan and Eliakim, Circulation 1966 



    Bachmann’s Bundlle  Posterior interatrial connections       

Anatomy  

•Delayed conduction 

•Block  

•Inhomogeneous anisotropic 

conduction 

 

•Delayed conduction 



Anisotropic conduction 

Anisotropic re-entry 

θL / θΤ >1 
 

 IASeptum 



BB 

PM IAS 

   30 msec: left anterior IAAS activation 

 through Bachmann’s bunddle  
51 msec: left anterior IAAS activation 

 through foramen ovale 

Left IAASeptum – left view. The double activation front. (Harrild et al, Circ Res 2000) 

LPV 

SVC 

IVC 

Intra-atrial septal activation 

LA 



LPV 

IVC 

RPV 

LPV 

IVC 

(Harrild et al, Circ Res 2000). 

* 

* Postero-inferior view - LA 

Postero-inferior left atrium 

The 3 activation fronts 



Non invasive methods 

 P-wave duration 

 P-wave dispersion 

 P-wave SAECG 

 P-wave wavelet analysis 



normal 

 PAF Adv IAA block 

Platonov, Card J, 2008 



Platonov, Card J, 2008 



Holmqvist F et al. Ann Noninvasive Electrocardiol, 2007; 12: 227–236 

Posterior IAA 
connections 

Bachmann’s 
bundle 



 Time-domain analysis 

 Frequency-domain analysis 

 Time-frequency domain analysis 

 

 



Budeous et al EuroPace 2007 



Afib occurrence (FPD>125ms and RMS 

20<3.3μV  

Budeous et al EuroPace 2007 



Budeous et al EuroPace 2007 



 Wavelet analysis is a spectro-temporal 

technique which can reveal dynamic 

changes within each frequency band 

during the duration of the cardiac cycle 

length  

 

 



Morlet transformation wavelet 
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 where φ(t) is the Morlet mother wavelet 

a: scale, u: time 



Short time Fourier analysis (STFT) vs Wavelet analysis 

Window used for the signal analysis 

 
 Constant window for all 

frequencies 

 Inverse relation 

between time – 

frequency  

 Dynamic window 

(analyzed wavelet) 

 Time (window width-

time) 

 Scale (frequency 

amplitude) 

 Best application for 

temporary signals 

which transform during 

time, i.e. ECG   







Materials and methods  

 Standard 12  lead ECG 

 Echocardiogram 

 P  wave wavelet  analysis  with the Morlet 

wavelet during sinus rhythm 



Materials and methods  

 Morlet wavelet analysis: 

 3 channel digital recorder  

   Frank orthogonal leads X, Y, Z 

   Sampling frequency of 1000Hz 

 The vector magnitude was calculated: 

   VM=X2+Y2+Z2 

 Custom made software for wavelet signal 

decomposition 

 



Wavelet parameters 

 Mean energy (MN) which corresponds to the area 

under the spectral curve during the P wave 

 

 

 The Maxima (MX) corresponding at the global 

maximum energy of the spectral curve under the P 

wave 

 MN and MX were calculated in three frequency bands 

(200-160Hz [1], 150-100Hz [2], 90-50Hz [3]) 





Methods  

 Group A (<5 AF episodes/year) 

 Group B (>5 AF episodes/year)  

 Group C (Normal controls)  



Echo parameters 



P wave at baseline 



Mean and Max P wave energy 



Wavelets in the 3 groups 

<5/year >5/year 

normal 











Time-scale representations of the Morlet 

wavelet transform at Z axis  

AF patient Normal control 

Dakos, Vassilikos et al. Unpublished data 







CABG patients 

Vassilikos, Dakos et al, PACE, 2003 



CABG patients 

Vassilikos, Dakos et al, PACE, 2003 



CABG patients 

Vassilikos, Dakos et al, PACE, 2003 



Conclusions  

               

Energy 

P wave 

Duration 

P wave 
Sn Sp TPV PPV NPV 

PAF with <5/year 76 83 80 80 80 

PAF with >5/year  84 75 82 91 60 

PAF post CABG 90 87 87 74 96 

Χ 

Ζ 

PdurZ 

PdurZ-X 

PdurZ 

PdurZ-X 

PdurZ Ζ,VM 



Postero-inferior  Antero-superior 

X 

Z 

X 

Z 

AF patients 

Normal controls 



Left septal activation 

X 

Z 

AF patients 

 

Anisotropic and slow 
conduction in IAAS 

Normal controls 



Conclusions 

 The P wave Morlet wavelet analysis in patients 

with PAF is indicative of a different activation 

along the postero-anterior direction. 

 Anisotropic conduction and the possible presence 

of dispersion of refractoriness at the anterior and 

posterior-lower right atrium may explain this 

activation pattern. 
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Tsao et al J Cardiovasc Magn Res 2008 

PTF > 0.04 mV . Ms has been found to be specific but less sensitive 
ECG marker of left atrial enlargement 



Budeous et al EuroPace 2007 



Logistic regression analysis Gr I vs Gr II 

B Std.Error Wald df Sig. 

P dur Z -74,721 21,415 12,174 1 <0,001 

Mean2X 319,695 132,678 5,806 1 0,016 

Mean1VM -1291,463 584,412 6,181 1 0,027 

Lalad -1,159 0,567 4,179 1 0,041 



Group with <5 episodes/year (Ia) 

Group with >5 episodes/year (Ib) 

Group Ia (n=33) Group Ib (n=17) p 

Lalad (cm) 4,98±0,7 5,43±0,3 0,05 

Lasad(cm) 2,91±0,5 3,51±0,69 0,006 

Lalas(cm) 4,24±0,6 4,85±0,56 0,005 

Max3Χ (μV) 22,5±5,94 27,6±8,35 0,037 

Mean2VM (μV) 4,4±1,63 3,05±1,78 0,03 



Group with <5 episodes/year (Ia) 

Normal controls (II) 
Group Ia (n=33) Group II (n=50) p 

Lapl(cm) 3,58±0,29 3,42±0,36 0,046 

Lvdd(cm) 4,92±0,41  4,7±0,43 0,037 

P dur Z(msec) 87,3±13 71,5±15 <0,001 

P durVM(msec) 90,9±15 81,8±15 0,005 

P dur Z-X(msec) 16,6±12 0,7±16 <0,001 

Mean1X (μV) 1,48±0,9 2,16±1,2 0,003 

Mean2X (μV) 3,23±1,9 4,68±2,6 0,003 

Mean3X (μV) 17,2±14,2 24,2±15,7 0,008 

Max1X (μV) 8,77±2,9 10,8±3,2 0,003 

Max2X (μV) 12,3±3,4 15±4,3 0,002 

Max3X (μV) 23,6±7,8 29,3±9,5 0,003 

Mean2Z (μV) 7,14±6,1 4,84±2,9 0,046 

Mean1VM(μV) 2,44±0,9 2,11±0,8 0,028 



R R Square Adj. R 

Squ

are 

Std.Error R Square 

Chan

ge 

F Change df1 Sig. F 

Chan

ge 

PdurZ-X  0,482 0,233 0,224 0,44 0,233 26,688 1 0,000 

Max2X 0,566 0,321 0,305 0,42 0,088 11,260 1 0,001 



Group with >5 episodes/year (Ib) 

Normal controls (II) 
Ομάδα IB (n=17) Ομάδα II (n=50) p 

Lalad(cm) 5,35±0,3 4,69±0,62 0,004 

Lalas(cm) 4,73±0,57 4,18±0,59 0,018 

P dur Z(msec) 87,3±14 71,5±15 0,003 

P dur Z-X(msec) 11,8±13 0,7±16 0,049 

Mean2Z (μV) 7,11±3,4 4,84±2,9 0,036 

Mean3Z (μV) 43±21,7 27,9±15,9 0,013 

Max1Z (μV) 12,7±3,7 10,5±3 0,044 

Max3Z (μV) 39,2±10,7 31,4±9,9 0,028 



Echo parameters 

Left parasternal 

Apical 



Rubel P et al, 1996  


