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that can be associated with atrial arrhythmias and AF. P-wave 
dispersion (PWD) is considered a noninvasive electrocardiographic 
(ECG) marker for atrial remodeling and predictor for AF.12‒15 PWD 
reflects disturbances of intra-atrial and inter-atrial conduction, and 
it is defined as the difference between the wider and the narrower 
P-wave duration recorded from the 12 ECG leads at a paper speed of 
50mm/s. The correct measurement of PWD is derived by subtracting 
the minimum P-wave duration from the maximum in any of the 12 
standard surface ECG leads in supine position following 15min of rest 
and room temperature and lighting kept constant.13 The onset of the 
P-wave is defined as the point of first detectable upward or downward 
slope from the isoelectric line for positive or negative waveforms, 
respectively. Return to the isoelectric line is considered as the end of 
the P-wave. PWD can be calculated by manual measurements with 
hand-held calipers or computerized methods. Manual measurement 
with hand-held calipers is performed by increasing the ECG rate 
to 50mm/s and the voltage to 1mV/cm, accompanied by the use of 
magnification. The normal value of PWD was found to be 29 ± 9ms, 
and values greater than 40ms indicate the presence of heterogeneous 
electrical activity in different regions of the atrium that might cause 
AF to develop.13 It has been shown that increased P-wave duration and 
PWD reflect prolongation of intra-atrial and inter-atrial conduction 
time and the inhomogeneous atrial propagation of sinus impulses.12‒14

The analysis of the P-wave with the 12 standard surface ECG 
leads in the stratification of patient suffering from AF is a recognized 
universal approach. It is well accepted that not only the P-wave 
duration, but also the P-wave morphology and dispersion have 

the potential to give information about the anatomical substrate 
predisposing to AF.13‒16 It has been demonstrated that a P wave 
maximum duration value of 106ms separated patients with paroxysmal 
AF from control subjects with a sensitivity of 83%, a specificity 
of 72%, and a positive predictive accuracy of 79%. In addition, a 
PWD value greater than 36ms separated AF patients from control 
subjects with a sensitivity of 77%, a specificity of 82%, and a positive 
predictive accuracy of 85%.13 PWD has shown to have a significant 
correlation with maximum P-wave duration (r=0.702, p<0.001) and a 
weak, although significant association with age (r=0.270, p<0.001).13 
In addition, PWD was shown to be a significant predictor of frequent 
symptomatic AF paroxysms.14 It was also found to have a significantly 
positive correlation with maximum P-wave duration (p<0.001) and 
negatively with minimum P-wave duration (p=0.06). Extensive 
clinical evaluation of P-wave dispersion has been performed in the 
assessment of the risk for atrial fibrillation in patients without organic 
heart disease, in patients with arterial hypertension, in patients with 
coronary artery disease, in patients undergoing coronary artery bypass 
surgery, in patients with congenital heart diseases, as well as in other 
groups of patients suffering from various cardiac or non-cardiac 
diseases.17‒28 Consequently, PWD can be helpful in discriminating 
patients with different kinds of diseases whom are prone to develop 
paroxysmal AF in the course of their lives.29‒37

We have previously found that patients with a predisposition to 
develop AF have significantly higher incidence of atrial conduction 
defects, and abnormally prolonged and fractionated atrial endocardial 
electrograms.7‒11 At the time of the atrial endocardial catheter mapping 
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Editorial
The increase in prevalence of atrial fibrillation (AF) is related with 

aging, and it has been reported to be associated with degeneration 
of the atrial muscle in pathological studies in elderly people.1‒3 
It has been shown that there is clear evidence in the human atrial 
myocardium of age-related electrical uncoupling of the side-to-side 
connections between bundles. This is histologically related to the 
proliferation of extensive collagenous tissue septa in intracellular 
spaces.4‒6 In pathological studies, it was demonstrated that these age-
induced changes include a reduction in the number of myocardial cells 
within the sinus node, a generalized loss of atrial myocardial fibers, 
as well as an increase in fibrosis which leads to an apparent loss of 
myocardial fiber continuity.1‒6

Patients with diseased atrial tissue with progressive fibro-
degenerative changes may develop abnormal electrophysiological 
alterations.7‒11 Connective tissue surrounding atrial myocardial 
cells represents sites where electrical coupling between adjacent 
cells is altered.1‒3 Therefore, the micro-architecture and anisotropic 
characteristics may play an important role in reentry by causing 
inhomogeneous and discontinuous propagation of the impulse in the 
atrium.3 The P wave of the electrocardiogram may show alterations 
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during sinus rhythm, we have found that an abnormally prolonged and 
fractionated right atrial electrogram may reflect inhomogeneous local 
electrical activity related to a delayed and non-uniform anisotropic 
conduction through diseased atrial muscle, and were closely related 
to the vulnerability of the atrial muscle in patients with paroxysmal 
AF.9‒11 Indeed, we demonstrated that the greater the extent of the 
compromised atrial muscle, the greater the likelihood that paroxysmal 
AF would develop.9 Qualitative and quantitative analysis of atrial 
endocardial electrograms recorded during sinus rhythm should be 
an important analysis in evaluating local atrial electrophysiological 
abnormalities, and acquire particular relevance in the study of patients 
with paroxysmal AF. In the evaluation of patients with altered P 
wave morphology and dispersion in the electrocardiogram, it is very 
important to keep in mind that patients who have a great susceptibility 
to develop AF possess abnormally prolonged and fractionated atrial 
endocardial electrograms, a significantly longer P wave duration, a 
significantly longer intra-atrial and inter-atrial conduction time of 
sinus impulses; and a significantly greater sinus node dysfunction and 
higher incidence of induction of sustained atrial fibrillation.

Conclusion
PWD reflects prolonged, inhomogeneous and anisotropic 

distribution of connections between myocardial fibers resulting in 
discontinuous anisotropic propagation of sinus impulses, as well 
as, inhomogeneous and discontinuous atrial conduction. PWD is 
considered as a sensitive and specific ECG predictor of paroxysmal 
AF.

Acknowledgments
None.

Conflicts of interest
Author declares there is no conflicts opf interest.

Funding
None.

References
1. Spach MS, Dober PC, Anderson PA (1989) Multiple regional differences 

in cellular properties that regulate repolarization and contraction in the 
right atrium of adult and newborn dogs. Circ Res 65(6): 1594-1611.

2. Spach MS, Miller WT, Dolber PC, Kootsey JM, Sommer JR, et al. (1982) 
The functional role of structural complexities in the propagation of 
depolarization in the atrium of the dog: cardiac conduction disturbances 
due to discontinuities of effective axial resistivity. Circ Res 50(2): 175-
191.

3. Spach MS, Dober PC (1986) Relating extracellular potentials and their 
derivatives to anisotropic propagation at microscopic level in human 
cardiac muscle. Evidence for electrical uncoupling of side-to-side fiber 
connections with increasing age. Circ Res 58(3): 356-371.

4. Lev M (1954) Aging changes in the human sinoatrial node. J Geront 
9(1): 1-9.

5. Davies MJ, Pomerance A (1972) Quantitative study of aging changes 
in the human sinoatrial node and internodal tracts. Br Heart J 34(2): 
150-152.

6. Hudson RE (1960) The human pacemarker and its pathology. Br Heart 
J 22: 153-167.

7. Centurión OA, Isomoto S, Shimizu A, Konoe A, Kaibara M, et al. (2003) 
The effects of aging on atrial endocardial electrograms in patients with 
paroxysmal atrial fibrillation. Clin Cardiol 26(9): 435-438.

8. Centurión OA, Shimizu A, Isomoto S, Konoe, Kaibara M, et al. (2005) 
Influence of advancing age on fractionated right atrial endocardial 
electrograms. Am J Cardiol 96(2): 239-242.

9. Centurión OA, Fukatani M, Konoe A, Tanigawa M, Shimizu A, et al. 
(1992) Different distribution of abnormal endocardial electrograms 
within the right atrium in patients with sick sinus syndrome. Br Heart 
J 68(12): 596-600.

10. Centurión OA, Isomoto S, Fukatani M, Shimizu A, Konoe A, et al. 
(1993) Relationship between atrial conduction defects and fractionated 
atrial endocardial electrograms in patients with sick sinus syndrome. 
Pacing Clin Electrophysiol 16(10): 2022-2033.

11. Centurión OA, Shimizu A, Isomoto S, Konoe A, Hirata T, et al. (1994) 
Repetitive atrial firing and fragmented atrial activity elicited by 
extrastimuli in the sick sinus syndrome with and without abnormal atrial 
electrograms. Am J Med Sci 307(4): 247-254.

12. Centurión OA (2009) Clinical implications of the P wave duration 
and dispersion: Relationship between atrial conduction defects and 
abnormally prolonged atrial endocardial electrograms. Int J Cardiol 
134(1): 6-8.

13. Aytemir K, Ozer N, Atalar E, Sade E, Aksoyek S, et al. (2000) P wave 
dispersion on 12-lead electrocardiography in patients with paroxysmal 
atrial fibrillation. Pacing Clin Electrophysiol 23(7): 1109-1112.

14. Dilaveris PE, Gialafos JE (2001) P-wave dispersion: a novel predictor 
of paroxysmal atrial fibrillation. Ann Noninvasive Electrocardiol 6(2): 
159-165.

15. Lazzeroni D, Parati G, Bini M, Piazza P, Ugolotti, et al. (2016) P-wave 
dispersion predicts atrial fibrillation following cardiac surgery. Int J 
Cardiol 203: 131-133.

16. Yoshizawa T, Niwano S, Niwano H, Igarashi T, fujiishi, et al. (2014) 
Prediction of new onset atrial fibrillation through P wave analysis in 12 
lead ECG. Int Heart J 55(5): 422-427.

17. Puerta RC, Aliz EL, Lopez CM, Ramirez RR, Pena GP (2011) Increased 
p wave dispersion in elite athletes. Indian Pacing Electrophysiol J 11(3): 
73-80.

18. Ertem AG, Erdogan M, Keles T, Durmaz T, Bozkurt E (2015) P-wave 
dispersion and left ventricular diastolic dysfunction in hypertension. 
Anatol J Cardiol 15(1): 78-79.

19. Suner A, Cetin M (2016) The effect of trimetazidine on ventricular 
repolarization indexes and left ventricular diastolic function in patients 
with coronary slow flow. Coron Artery Dis 27(5): 398-404.

20. Kim DH, Kim GC, Kim SH, Yu HK, Choi WG, et al. (2007) The 
relationship between the left atrial volume and the maximum P-wave 
and P-wave dispersion in patients with congestive heart failure. Yonsei 
Med J 48(5): 810-817.

21. Dursun H, Tanriverdi Z, Colluoglu T, Kaya D (2015) Effect of 
transcatheter aortic valve replacement on P-wave duration, P-wave 
dispersion and left atrial size. J Geriatr Cardiol 12(6): 613-617.

22. Beig JR, Tramboo NA, Rather HA, Hafeez I, Ananth V, et al. (2015) 
Immediate effect of percutaneous transvenous mitral commissurotomy 
on atrial electromechanical delay and P wave dispersion in patients with 
severe mitral stenosis. Indian Heart J 67(Suppl 2): S46-S54.

23. Kizilirmak F, Demir GG, Gokdeniz T, Gunes, Cakal, et al. (2016) 
Changes in electrocardiographic P wave parameters after Cryoballoon 
ablation and their association with atrial fibrillation recurrence. Ann 
Noninvasive Electrocardiol 21(6): 580-587.

24. Ding L, Hua W, Zhang S, Chu, Wang, et al. (2009) Improvement of 
P wave dispersion after cardiac resynchronization therapy for heart 
failure. J Electrocardiol 42(4): 334-338.

25. Kawamura M, Scheinman MM, Lee RJ, Badhwar N (2015) Left atrial 
appendage ligation in patients with atrial fibrillation leads to a decrease 
in atrial dispersion. J Am Heart Assoc 4(5): e001581.

https://doi.org/10.15406/jccr.2017.08.00285
https://www.ncbi.nlm.nih.gov/pubmed/2582592
https://www.ncbi.nlm.nih.gov/pubmed/2582592
https://www.ncbi.nlm.nih.gov/pubmed/2582592
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/7055853
https://www.ncbi.nlm.nih.gov/pubmed/3719925
https://www.ncbi.nlm.nih.gov/pubmed/3719925
https://www.ncbi.nlm.nih.gov/pubmed/3719925
https://www.ncbi.nlm.nih.gov/pubmed/3719925
https://www.ncbi.nlm.nih.gov/pubmed/13130870
https://www.ncbi.nlm.nih.gov/pubmed/13130870
https://www.ncbi.nlm.nih.gov/pubmed/5007792/
https://www.ncbi.nlm.nih.gov/pubmed/5007792/
https://www.ncbi.nlm.nih.gov/pubmed/5007792/
https://www.ncbi.nlm.nih.gov/pubmed/14403753
https://www.ncbi.nlm.nih.gov/pubmed/14403753
http://onlinelibrary.wiley.com/doi/10.1002/clc.4960260911/full
http://onlinelibrary.wiley.com/doi/10.1002/clc.4960260911/full
http://onlinelibrary.wiley.com/doi/10.1002/clc.4960260911/full
https://www.ncbi.nlm.nih.gov/pubmed/16018850
https://www.ncbi.nlm.nih.gov/pubmed/16018850
https://www.ncbi.nlm.nih.gov/pubmed/16018850
http://heart.bmj.com/content/68/12/596
http://heart.bmj.com/content/68/12/596
http://heart.bmj.com/content/68/12/596
http://heart.bmj.com/content/68/12/596
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/7694249
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/8160717
https://www.ncbi.nlm.nih.gov/pubmed/19162346
https://www.ncbi.nlm.nih.gov/pubmed/19162346
https://www.ncbi.nlm.nih.gov/pubmed/19162346
https://www.ncbi.nlm.nih.gov/pubmed/19162346
https://www.ncbi.nlm.nih.gov/pubmed/10914366
https://www.ncbi.nlm.nih.gov/pubmed/10914366
https://www.ncbi.nlm.nih.gov/pubmed/10914366
https://www.ncbi.nlm.nih.gov/labs/articles/11333174/
https://www.ncbi.nlm.nih.gov/labs/articles/11333174/
https://www.ncbi.nlm.nih.gov/labs/articles/11333174/
https://www.ncbi.nlm.nih.gov/pubmed/26512825
https://www.ncbi.nlm.nih.gov/pubmed/26512825
https://www.ncbi.nlm.nih.gov/pubmed/26512825
https://www.ncbi.nlm.nih.gov/pubmed/25098176
https://www.ncbi.nlm.nih.gov/pubmed/25098176
https://www.ncbi.nlm.nih.gov/pubmed/25098176
https://www.ncbi.nlm.nih.gov/pubmed/21556156
https://www.ncbi.nlm.nih.gov/pubmed/21556156
https://www.ncbi.nlm.nih.gov/pubmed/21556156
https://www.ncbi.nlm.nih.gov/pubmed/25550255
https://www.ncbi.nlm.nih.gov/pubmed/25550255
https://www.ncbi.nlm.nih.gov/pubmed/25550255
https://www.ncbi.nlm.nih.gov/pubmed/27140844
https://www.ncbi.nlm.nih.gov/pubmed/27140844
https://www.ncbi.nlm.nih.gov/pubmed/27140844
https://www.ncbi.nlm.nih.gov/pubmed/17963339
https://www.ncbi.nlm.nih.gov/pubmed/17963339
https://www.ncbi.nlm.nih.gov/pubmed/17963339
https://www.ncbi.nlm.nih.gov/pubmed/17963339
https://www.ncbi.nlm.nih.gov/pubmed/26788037
https://www.ncbi.nlm.nih.gov/pubmed/26788037
https://www.ncbi.nlm.nih.gov/pubmed/26788037
https://www.ncbi.nlm.nih.gov/pubmed/26688153/
https://www.ncbi.nlm.nih.gov/pubmed/26688153/
https://www.ncbi.nlm.nih.gov/pubmed/26688153/
https://www.ncbi.nlm.nih.gov/pubmed/26688153/
https://www.ncbi.nlm.nih.gov/pubmed/27018476
https://www.ncbi.nlm.nih.gov/pubmed/27018476
https://www.ncbi.nlm.nih.gov/pubmed/27018476
https://www.ncbi.nlm.nih.gov/pubmed/27018476
https://www.ncbi.nlm.nih.gov/pubmed/19539810
https://www.ncbi.nlm.nih.gov/pubmed/19539810
https://www.ncbi.nlm.nih.gov/pubmed/19539810
https://www.ncbi.nlm.nih.gov/pubmed/25977469/
https://www.ncbi.nlm.nih.gov/pubmed/25977469/
https://www.ncbi.nlm.nih.gov/pubmed/25977469/


P wave duration and dispersion as a useful conventional electrocardiographic marker for atrial fibrillation 
prediction

3
Copyright:

©2017 Centurion et al.

Citation: Centurion OA, Aquino N, Torales J, et al. P wave duration and dispersion as a useful conventional electrocardiographic marker for atrial fibrillation 
prediction. J Cardiol Curr Res. 2017;8(3):1‒6. DOI: 10.15406/jccr.2017.08.00285

26. Mugnai G, Chierchia GB, De Asmundis C, Julia, Conte G, et al. (2016) 
P-wave indices as predictors of atrial fibrillation recurrence after 
pulmonary vein isolation in normal left atrial size. J Cardiovasc Med 
Hagerst 17(3): 194-200.

27. Badhwar N, Lakkireddy D, Kawamura M, Han FT, Iyer SK, et al. (2015) 
Sequential percutaneous LAA ligation and pulmonary vein isolation 
in patients with persistent AF: initial results of a feasibility study. J 
Cardiovasc Electrophysiol 26(6): 608-614.

28. Kose MD, Bag O Güven B, Mese T, Oztürk A, (2014) P-wave 
dispersion: an indicator of cardiac autonomic dysfunction in children 
with neurocardiogenic syncope. Pediatr Cardiol 35(4): 596-600.

29. Dilaveris PE, Gialafos EJ, Sideris SK, Artemis M, George, et al. (1998) 
Simple electrocardiographic markers for the prediction of paroxysmal 
idiopathic atrial fibrillation. Am Heart J 135(5): 733-738.

30. Magnani JW, Mazzini MJ, Sullivan LM, Williamson, Ellinor PT, et 
al. (2010) P-wave indices, distribution and quality control assessment 
(from the Framingham Heart Study). Ann Noninvasive Electrocardiol 
15(1): 77-84.

31. Aytemir K, Amasyali B, Kose S, Kilic, Abali, et al. (2004) Maximum 
P-wave duration and P-wave dispersion predict recurrence of 
paroxysmal atrial fibrillation in patients with Wolff-Parkinson-White 
syndrome after successful radiofrequency catheter ablation. J Interv 
Card Electrophysiol 11(1): 21-27.

32. Magnani JW, Williamson MA, Ellinor PT, Monahan KM, Benjamin 
EJ (2009) P wave indices: current status and future directions in 
epidemiology, clinical, and research applications. Circ Arrhythm 
Electrophysiol 2(1): 72-79.

33. Dilaveris PE, Gialafos EJ, Andrikopoulos GK, Richter DJ, Papanikolaou 
V, et al. (2000) Clinical and electrocardiographic predictors of recurrent 
atrial fibrillation. Pacing Clin Electrophysiol 23(3): 352-358.

34. Boriani G, Diemberger I, Biffi M, Camanini C, Valzania, et al. (2005) 
P wave dispersion and short-term vs. late atrial fibrillation recurrences 
after cardioversion. Int J Cardiol 101(3): 355-361.

35. Perzanowski C, Ho AT, Jacobson AK (2005) Increased P wave dispersion 
predicts recurrent atrial fibrillation after cardioversion. J Electrocardiol 
38(1): 43-46.

36. Ozdemir O, Soylu M, Demir AD, Alyan, Topaloglu, et al. (2006) Does 
p-wave dispersion predict the atrial fibrillation occurrence after direct-
current shock therapy? Angiology 57(1): 93-98.

37. Amasyali B, Kose S, Aytemir K, Kilic A, Turhan, et al. (2006) P wave 
dispersion predicts recurrence of paroxysmal atrial fibrillation in 
patients with atrioventricular nodal reentrant tachycardia treated with 
radiofrequency catheter ablation. Ann Noninvasive Electrocardiol 11(3): 
263-270.

https://doi.org/10.15406/jccr.2017.08.00285
https://www.ncbi.nlm.nih.gov/pubmed/25490249
https://www.ncbi.nlm.nih.gov/pubmed/25490249
https://www.ncbi.nlm.nih.gov/pubmed/25490249
https://www.ncbi.nlm.nih.gov/pubmed/25490249
https://www.ncbi.nlm.nih.gov/pubmed/25772569
https://www.ncbi.nlm.nih.gov/pubmed/25772569
https://www.ncbi.nlm.nih.gov/pubmed/25772569
https://www.ncbi.nlm.nih.gov/pubmed/25772569
https://www.ncbi.nlm.nih.gov/pubmed/24633236
https://www.ncbi.nlm.nih.gov/pubmed/24633236
https://www.ncbi.nlm.nih.gov/pubmed/24633236
http://www.ahjonline.com/article/S0002-8703(98)70030-4/abstract
http://www.ahjonline.com/article/S0002-8703(98)70030-4/abstract
http://www.ahjonline.com/article/S0002-8703(98)70030-4/abstract
https://www.ncbi.nlm.nih.gov/pubmed/20146786
https://www.ncbi.nlm.nih.gov/pubmed/20146786
https://www.ncbi.nlm.nih.gov/pubmed/20146786
https://www.ncbi.nlm.nih.gov/pubmed/20146786
https://www.ncbi.nlm.nih.gov/pubmed/15273450
https://www.ncbi.nlm.nih.gov/pubmed/15273450
https://www.ncbi.nlm.nih.gov/pubmed/15273450
https://www.ncbi.nlm.nih.gov/pubmed/15273450
https://www.ncbi.nlm.nih.gov/pubmed/15273450
https://www.ncbi.nlm.nih.gov/pubmed/19808445/
https://www.ncbi.nlm.nih.gov/pubmed/19808445/
https://www.ncbi.nlm.nih.gov/pubmed/19808445/
https://www.ncbi.nlm.nih.gov/pubmed/19808445/
https://www.ncbi.nlm.nih.gov/pubmed/10750136
https://www.ncbi.nlm.nih.gov/pubmed/10750136
https://www.ncbi.nlm.nih.gov/pubmed/10750136
https://www.ncbi.nlm.nih.gov/pubmed/15907401
https://www.ncbi.nlm.nih.gov/pubmed/15907401
https://www.ncbi.nlm.nih.gov/pubmed/15907401
https://www.ncbi.nlm.nih.gov/pubmed/15660346
https://www.ncbi.nlm.nih.gov/pubmed/15660346
https://www.ncbi.nlm.nih.gov/pubmed/15660346
https://www.ncbi.nlm.nih.gov/pubmed/16444462
https://www.ncbi.nlm.nih.gov/pubmed/16444462
https://www.ncbi.nlm.nih.gov/pubmed/16444462
https://www.ncbi.nlm.nih.gov/pubmed/16846443/
https://www.ncbi.nlm.nih.gov/pubmed/16846443/
https://www.ncbi.nlm.nih.gov/pubmed/16846443/
https://www.ncbi.nlm.nih.gov/pubmed/16846443/
https://www.ncbi.nlm.nih.gov/pubmed/16846443/

	Title
	Editorial
	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References

