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Abstract 

Introduction: If we can predict which patients will develop atrial fibrillation during electrophysiological study (EPS), we 

can be more careful during catheter placement and reduce the probability of development of atrial fibrillation. In our 

study, we compared P wave changes in patients who were and were not found to have catheter related atrial fibrillation 

during EPS.  

Material and Methods: One hundred forty five patients who had normal EPS findings and who were found to have 

catheter related atrial fibrillation were included in our study. ECG was performed in all patients and the pulse rate, 

maximum p wave time (Pmax), minimum P wave time Pmin) and the difference between (p wave dispersion, Pd) were 

recorded. Echocardiography was performed in all patients. The patients were transferred into arrhythmia laboratory for 

EPS and tachycardia was attempted to be induced by way of programmed atrial and ventricular beats. The patients with 

normal EPS findings were recorded as the first group and the patients who developed atrial fibrillation were recorded as 

the second group.  

Results: In the second group, the time of the procedure was significantly long [median value 20 (11-35) vs. 14 (9-17)]. 

Again, in the second group, P max [median time 120 ms (70-160) vs. 110 ms (80-160), p<0.001] and Pd [median time 45 

ms (10-80) vs. 25 ms (10-80), p<0.001] were found to be significantly higher, while Pmin [median time 75 ms (40-95) vs. 

80 ms (45-120), p<0.001] was found to be significantly lower. In the multiple logistic regression analysis, Pmax(OR:1.077, 

%95CI:1.043-1.112, p<0.001), Pmin (OR:0.889,%95CI:0.853-926, p<0.001) and Pd (OR:1.125, %95CI:1.080-1.173, 

p<0.001) were all found to be independent markers for atrial fibrillation.  

Conclusion: Patients with longer Pd and Pmax and shorter Pmin develop atrial fibrillation more frequently during EPS 

and the procedure time lasts longer.  
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Abbreviations: EPS: Electrophysiological Study; Afib: 
Atrial Fibrillation; LAV: Left Atrial Volume; LAD: Left 
Atrial Diameter; EF: Ejection Fraction; Pmax: Maximum P 
Wave Duration; Pmin: Min P Wave Duration; Pd: P Wave 
Dispersion. 
 

Introduction 

     Currently, electrophysiological study (EPS) is a 
commonly used invasive method which is used in the 
diagnosis and treatment of arrhythmic patients as 
recommended by guidelines [1]. Although the time of EPS 
changes from patient to patient, it lasts shorter in patients 
who have not undergone diagnostic ablation compared to 
the ones who have undergone diagnostic ablation. In 
some patients, arrhythmias including dual pathway, 
accessory pathway or atrial tachycardia are not found and 
only catheter related short-term atrial fibrillation (Afib) 
episodes occur; these prolong the procedure time. In 
recent studies, P wave dispersion (Pd; the difference 
between maximum p wave and minimum p wave) have 
been indicated as a marker in some arrhythmias [2-4]. If 
we can predict which patients will develop Afib, we can be 
more careful while placing catheter and reduce the 
probability of catheter related Afib. In this study, we 
compared Pd values between the patients who were and 
were not found to have catheter related Afib during EPS.  
 

Method  

     A total of 145 patients who had normal EPS findings in 
the last two years and who were observed to have 
catheter related Afib during the procedure were included 
in this study. The patients who had coronary artery 
disease, structural heart disease and another chronic 
disease as well as another arrhythmia in association with 
Afib were excluded from the study. ECG was performed in 
all patients (Nihon Kohden 1150k EKG Machine, 25mm/s 
and 10 mm/mV). The pulse rate, maximum p wave time 
(Pmax), minimum P wave time (Pmin) and the difference 
between these two values (p wave dispersion, Pd) were 
recorded. Echocardiogram was performed in all patients 
(Vivid-7, GE Wingmed sound Horten, Norway). On 
echocardiogram, the left atrial volume (LAV), left atrial 
diameter (LAD) and ejection fraction were recorded. The 
patients were subsequently transferred into arrhythmia 
laboratory for EPS. EP Tracer device was used for the 
procedure (Medtronic Inc., USA). A four pole diagnostic 
catheter (6F, 110 cm, Mariner® SC Series, Medtronic, and 

Minneapolis, MN, USA) was placed in the right atrial 
appendix. A four pole radiofrequency ablation catheter 
(7F, 110 cm, RF Mariner® MC, Medtronic, USA) was 
placed in the region where sensory recording was made 
in the right ventricle. Tachycardia was attempted to be 
induced with programmed atrial and ventricular beats in 
all patients. The patients who had normal EPS findings 
were specified as the first group and the patients who 
developed short-term Afib were specified as the second 
group. The procedure time was recorded in both groups. 
Informed consent was obtained from the patients and 
ethics committee approval was obtained from the local 
ethics committee for the study.  
 

Statistical Analysis 

     The variables were divided into two groups as 
continuous and categorical variables. Normal distribution 
was tested using the Kolmogorov–Smirnovile test for the 
continuous variables. The continuous variables which did 
not show a normal distribution were expressed as 
median, maximum and minimum values in the table. 
Mann-Whitney U test was used for comparison. The 
categorical variables were compared using chi-square 
test. A p value of <0.05 was considered significant in the 
comparison. Multiple logistic regression analysis was 
performed with the values with a p value of <0.05 and the 
independent markers for Afib were specified. 
 

Results 

     Sixty eight of 145 patients were in the first group 
[median age 48 years (18-70)] and 77 years were in the 
second group median age 43 years (18-70)]. The 
procedure time was significantly longer in the second 
group [median value 20 minute (11-35) vs. 14 minute (9-
17)]. Again, in the second group, Pmax [median time 120 
ms (70-160) vs. 110 ms (80-160), p<0.001] and Pd 
[median time 45 ms (10-80) vs. 25 ms (10-80), p<0.001] 
were found to be significantly higher, while Pmin [median 
time 75 ms (40-95) vs. 80 ms (45-120), p<0.001] was 
found to be significantly lower (Table 1). In the multiple 
logistic regression analysis, it was found that Pmax 
(OR:1.077, %95CI:1.043-1.112, p<0.001), Pmin 
(OR:0.889,%95CI:0.853-926,p<0.001) and Pd (OR:1.125, 
%95CI:1.080-1.173, p<0.001) were all independent 
markers for Afib (Table 2). Differences of Pmax, Pmin and 
Pd in both groups were shown with boxplot graphics 
(Figures 1-3).  
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11. Group 22. Group 

p 
(68) (77) 

Age, years 48 (18-80) 43 (17-80) 0.283 

Male gender, (%) 28 (41.2) 30 (39.0) 0.786 

Pulse, beat/minute 75 (115-55) 75 (45-150) 0.82 

LAD (mm) 35 (30-41) 35 (30-39) 0.325 

LAV (ml) 48 (45-54) 48 (38-54) 0.481 

EF (%) 60 (53-65) 60 (55-65) 0.606 

Pmax (msec) 110 (80-160) 120 (70-160) 0.002 

Pmin(msec) 80 (45-120) 75 (40-95) <0.001 

Pd(msec) 25 (10-80) 45 (10-80) <0.001 

Study time (minute) 14 (9-17) 20 (11-35) <0.001 

Table 1: Comparison of Findings between Groups Demographic Characteristic of Patients. 
LAD: Left Atriyal Diameter; LAV: Left Atriyal Volume; EF: Ejection Fraction; Pmax: Maximum P Wave Duration; Pmin: 
Min P Wave Duration; Pd: P Wave Dispersion. 
 

 
Oddsratio 95 % CI p 

Pmax 1.077 1.043-1.112 <0.001 

Pmin 0.889 0.853-926 <0.001 

Pd 1.125 1.080-1.173 <0.001 

Table 2: İndependent Predictors for Afib. 
Afib: Atrial Fibrillation; CI: Confidence Interval; Pmax: Maximum P Wave Duration; Pmin: Max P Wave Duration; Pd: P 
Wave Dispersion. 
 

 

 

Figure1: Showing Pmax duration between group 1 and 
group 2 with boxplot graphic. 

 
 

 
 
 
 

 

 

Figure 2: Showing Pmin duration between group 1 and 
group 2 with boxplot graphic. 
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Figure 3: Showing Pd duration between group 1 and 
group 2 with boxplot graphic. 

 
 

Discussion 

     Pd reflects electrical heterogeneity in the atrium. The 
longer the Pd value, the higher the frequency of Afib [5]. 
Since we waited for the patients who developed Afib to 
enter normal sinus rhythm in our study, the procedure 
time was longer compared to the other group and the 
difference was statistically significant. Again, the Pmax 
and Pd values in the Afib group were significantly longer 
and Pmin values were significantly shorter. These 
parameters were found to be independent markers for 
Afib.  
 
     In one study, the normal value of Pd was reported to be 
29±9 ms6. In an update related with PD, it was reported 
that the probability of atrial tachycardia increased above 
a value of 40 ms [6]. In the literature, it was reported that 
Pd especially in the D2 and V1 derivations was an 
independent marker in development of Afib in an 
observational study conducted with a high number of 
patients [7]. In another study, the persistent Afib group 
was compared with the control group and Pd was found 
to be shorter in the control group [8]. In a study 
conducted with patients with lone Afib, Pd was found to 
be longer and Pmin was found to be shorter compared to 
the control group [9]. In another study, Pd and Pmax were 
found to be longer in patients with paroxysmal atrial 
fibrillation [10]. In a study conducted with relapsing atrial 
fibrillation, it was reported that Pd was not an 
independent predictor of relapse and only prolonged P 
wave was an independent predictor of relapse [11]. In 
another relapse study, it was reported that prolonged Pd 
was a predictor for relapse in patients with 
atrioventricular nodal reentrant tachycardia who were 
treated with radiofrequency [12]. Besides, PD was shown 

to be significantly correlated with epicardial adipose 
tissue, prolonged in cryptogenic stroke and an 
independent predictor of atrial fibrillation in 
hypertensive patients in some studies [13-15]. In our 
study, prolonged Pd and Pmax and shorter Pmin were 
found to be independent markers for Afib. We can predict 
these patients with a simple superficial ECG before EPS 
[16].  
 

Conclusion 

     Patients with longer Pd and Pmax and shorter Pmin 
more frequently develop Afib during EPS and their 
procedure times are longer. One should be careful when 
placing catheter in these patients.  
 

Limitations of the Study 

     The radiation dose received by the patients whose EPS 
lasted longer was not recorded. The patients who 
developed Afib during the procedure were not followed 
up later. The CHA₂DS₂-VASc score was not calculated after 
the procedure in the patients with Afib. No anticoagulant 
treatment was initiated.  
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