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Background: P maximum and P dispersion are evaluated as predictors of paroxysmal atrial fibrilla- 
tion in adults. In this study, these variables are being investigated in children with secundum ASD 
in comparison with that of normal controls and in relation to size of ASD and the presence or 
absence of atrial dilation. 

Methods: Ninety-four children with isolated secundum ASD (33 boys, 60 girls; mean ? SD age 
at diagnosis 2.9 2 4.1 years) and 65 age-matched controls (mean +. SD age 4.2 2 4.2 years) were 
evaluated. Resting 12-lead ECG was used to measure P waves from which P maximum and P 
dispersion (difference between maximum and minimum P-wave duration) were derived. ASD 
children were arbitrarily subgrouped according to ASD sizes (small: 1-3 mm, moderate: 4-7 mm, 
large: 2 8 mm). The presence of right atrial dilation was noted from echocardiography. 

Results: Children with ASD had significantly longer mean P dispersion compared to controls (P 
dispersion: 30.2 2 11 . I  vs 26.4 5 6.6 ms, P = 0.008). Mean P maximum and P dispersion were 
significantly prolonged with increasing ASD size (P < 0.001). Children with right atrial dilation had 
significantly longer P maximum (1 02.3 +. 15.2 vs 82.8 ? 13.4 ms, P < 0.001) and larger P dispersion 
(36.1 ? 12.5 vs 27.6 2 9.4 ms, P = 0.003) compared to those without right atrial dilation. 

Prolonged atrial conduction time and inhomogeneity of atrial conduction may 
possibly be present in children with moderate to large sized ASD and in those with atrial dilation. 
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Conclusion: 
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Signal-averaged P waves have been evaluated in 
various clinical More recently, simple 
electrocardiographic markers using P wave, P max- 
imum, and P dispersion have been proposed for 
evaluation of patients at risk of paroxysmal atrial 
fibrillation or to predict recurrent atrial fibrilla- 
tion.6-8 

Prolongation of P wave is thought to be an indi- 
cator of interatrial conduction disturbanceq and is 
often used to predict paroxysmal atrial fibrillation 
(PAF).l-3,l0 Maximum P wave (at a value of 2 110 
ms) derived from a 12-lead surface electrocardio- 
gram (ECG) had a good sensitivity and specificity 

for the separation of patients with idiopathic PAF 
from controls.11 P-wave dispersion (P dispersion) is 
proposed to quantify the heterogeneity of atrial con- 
duction that can result in variable P-wave duration 
measured from the different surface electrocardio- 
graphic leads. A P dispersion value of 40 ms also 
separated patients with idiopathic PAF from controls 
with good sensitivity, specificity and positive pre- 
dictive accuracy.ll The combined use of both P 
maximum and P dispersion appeared to strengthen 
and complement their roles in this respect." 

Left-to-right shunts across the atrial septum in 
patients with isolated secundum atrial septal de- 
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fects (ASD) tend to increase with age in many pa- 
tients.12 This can cause stretching of the atria 
which predisposes these patients to atrial flutter, 
fibrillation, and tachycardia. While only a small 
percentage of patients below 18 years of age de- 
velop atrial arrhythmias, the proportion may in- 
crease to significant magnitude in older a d ~ l t s . ~ , ~ ~  
Chenl5 had suggested that atrial electrophysiologi- 
cal characteristics of a dilated atrium differ from 
that of a normal atrium. 

Our objective was to evaluate maximum P-wave 
duration and P dispersion in children with isolated 
secundum ASD in comparison with that of controls 
and to relate these variables to the size of ASD as 
well as the presence or absence of right atrial dila- 
tion. 

METHODS 
Study Population 

A total of 94 children (34 boys, 60 girls) with 
isolated ASD and 65 healthy age-matched controls 
(33 boys, 32 girls) participated in this study. The 
mean 2 SD ages of patients (at time of diagnosis) 
and controls were 2.9 2 4.1 years and 3.4 ? 4.3 
years, respectively. 

Diagnosis of ASD was confirmed by cross-sec- 
tional and Doppler echocardiography. The ASD 
children had no other cardiovascular defects. Echo- 
cardiographic measurement of atrial size and pres- 
ence of atrial dilation were noted. Children with 
ASD were further arbitrarily subgrouped into those 
with small (1-3 mm), moderate (4-7 mm) and large 
(2 8 mm) ASD. These children were also classified 
into those with or without right atrial (RA) dilation. 

Measurement of ECG 

All patients and controls had resting 12-lead sur- 
face ECGs measured while in a supine position. 
Each ECG was measured in 3-lead sets, at a paper 
speed of 25 mmlsec and with 10 mm1mV standard- 
ization. The ECG recordings were magnified two 
times for manual measurement of P-wave dura- 
tions from each of the 12 leads. The onset of P 
wave was defined as the junction between the iso- 
electric line and the beginning of P-wave deflec- 
tion. The offset of P wave was taken at the junction 
between the end of the P-wave deflection and the 
isoelectric line. The average P wave of three con- 
secutive beats from each lead was determined. 
Three variables determined from the P wave mea- 

surements were: (1) P-wave duration defined as the 
average P-wave duration from lead 11; (2) P maxi- 
mum defined as the longest P-wave duration 
among the 12 leads; (3) P dispersion defined as the 
difference between the maximum and minimum 
P-wave durations from the 12 leads. 

Measurement of P waves was done by the same 
observer. Intraobserver variation was determined 
using the method described by Bland and Alt- 
man.16 Mean _t SD difference between measure- 
ments was -0.08 2 4.09 ms (range -16-10 ms) and 
95% confidence interval of the mean difference 
was between -2.55 to 2.40 ms. 

Statistical Analysis 

All variables were presented as means and stan- 
dard deviation (SD). Statistical calculations were 
performed using SPSS 10 for Windows (SPSS Inc. 
IL, USA). Independent-samples t- tests were used 
to compare the differences between ASD patients 
and controls, as well as between those patients 
with and without RA dilation. One-way ANOVA 
was used to assess the differences between the 
ASD subgroups and between the various follow-up 
intervals in patients who had surgical repair of 
ASD. Statistical significance was defined as a P 
value of < 0.05. 

RESULTS 
Children with ASD were distributed according to 

size of ASD: 28.7% had small ASD, 33.0% had 
moderate sized ASD, and 38.3% had large ASD. 
Mean t SD size of ASD was 13.6 t 5.3 mm. None 
of the children had any history of atrial arrhyth- 
mias. 

ASD Children versus Controls 

Table 1 shows the mean 2 SD P-wave duration 
(lead 11), P maximum, and P dispersion of ASD 
patients and controls. The upper limits (mean + 2s 
D) of P-wave duration, P maximum, and P disper- 
sion for controls were 104.3 ms, 108.2 ms, and 39.6 
ms, respectively. Children with ASD had signifi- 
cantly longer mean P dispersion compared to con- 
trols (30.2 t 11.1 vs 26.4 i- 6.6 ms, P = 0.008j. 

ASD Subgroups According to Size 

The proportions of children with small, moder- 
ate, and large size ASD were 29, 33, and 38%, 
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Table 1.  Mean P Wave Duration, P Maximum, and P 
Dispersion of Controls and Children with ASD 

~~ ~ 

Control ASD P 

Number 65 94 
P wave duration 

(msec) 78.1 2 13.1 78.5 -t- 17.1 0.863 

(msec) 86.2 ? 1 1  .O 88.6 t 16.5 0.267 

(msec) 26.4 ? 6.6 30.2 t 1 1.1 0.008 

Range 44- 1 05 40-1 15 
P maximum 

Range 60-1 08 60-1 35 
P dispersion 

Range 15-42 8-62 

respectively. It was noted that mean P-wave dura- 
tion, P maximum, and P dispersion increased sig- 
nificantly with increasing sizes of ASD (P < 0.0001) 
(Table 2). 

ASD With and Without RA Dilation 
Of the ASD children, 29.8% had RA dilation 

while 70.2% did not have dilation of RA. Of those 
with RA dilation, 89.3% had large ASD, 10.7% had 
moderate ASD, and none had small ASD. Those 

who had right atrial dilation had significantly 
longer mean P-wave duration (90.4 f 11.4 vs 
73.5 ? 16.7 ms, P < 0.0001) and P maximum 
(102.3 t- 15.2 vs 82.8 2 13.4 ms, P < 0.0001) than 
those without RA dilation. Mean P dispersion of 
patients with RA dilation was also significantly 
higher (36.1 t 12.5 vs 27.6 2 9.4 ms, P = 0.003) 
than those without RA dilation (Table 3). 

DISCUSSION 

The mechanism for atrial fibrillation is believed 
to be intra-atrial conduction abnormalities result- 
ing in fragmentation and prolongation of atrial ac- 
tivation.17-19 While the simple P-wave duration 
may represent duration of atrial activation, it can- 
not reflect regional differences in atrial activation 
and dispersion in refractoriness. The heterogeneity 
of atrial conduction plays an important role in the 
initiation of re-entry circ~its'~-'9 which may predis- 
pose the atria to arrhythmias. Nonuniform electro- 
physiological characteristics, atrial size (surface 
area), morphology and anatomic obstacles may 
contribute to the heterogeneity of atrial conduction 
and vulnerability to atrial fibrillation.20 

Table 2. Mean P Wave Duration, P Maximum, and P Dispersion of Controls and Children with 
Different Sizes of ASD 

ASD Size 

Small Moderate Large 
(1-3 mm) (4-7 mm) (28 mm) P 

Number 
P wave duration (msec) 
Range 
P maximum (msec) 
Range 
P dispersion (msec) 
Range 

~ 

27 (29%) 31 (33%) 36 (38%) 
6 1 . 4 t  11.0 77.1 -t- 10.6 92.5 -t- 12.8 <0.001 

72.8 2 5.7 83.7 ? 7.7 104.7 ? 13.1 <0.001 

25.6 ? 7.0 26.3 2 10.2 36.8 t 11.2 <o.oo 1 

40-83 56-1 04 52-1 15 

60-85 72-1 04 80-1 35 

14-43 8-48 18-62 

Table 3. Mean P Wave Duration, P Maximum, and P Dispersion of ASD Children With and Without 
Right Atrial (RA) Dilation 

Without RA Dilation With RA Dilation P 

Number 
P wave duration (msec) 
Range 
P maximum (msec] 
Range 
P dispersion (msec) 
Range 

66 (70.2%) 
73.5 t 16.7 

40- 1 09 

60-1 20 

8-49 

82.8 t 13.4 

27.6 ? 9.4 

28 (29.8%) 
90.4 2 11.4 

102.3 t 15.2 

36.1 ? 12.5 

65-1 15 

75-1 35 

8-62 

<0.001 

<o.oo 1 

0.003 
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Inhomogeneous atrial conduction may result in 
highly variable P-wave duration measured from 
different oriented surface ECG leads.ll In this 
study P-wave duration and P maximum are used to 
quantify atrial conduction time while P dispersion 
is used as a marker of regional differences in P- 
wave durations. These variables were found to 
have a significant positive relation to size of the 
atrial septa1 defect and to the presence of atrial 
dilation. Left-to-right shunting across the atrial sep- 
tum commonly occurs in ASD. The development 
and magnitude of the shunt depends on pressure 
differences between the right and left atria and the 
relative compliance of the right and left ventricles 
rather than on the size of the interatrial communi- 
cation.12 Large shunts may cause stretching of the 
atria which may then predispose them to atrial 
arrhythmias. Large left-to-right shunts have been 
found to be associated with increased incidence of 
atrial arrhythmias.12 The incidence of atrial ar- 
rhythmias was also much higher in older patients, 
particularly in adults. While there is no documen- 
tation of atrial arrhythmias in our study cohort, 
there are already significant increases in P-wave 
duration, P maximum, and P dispersion in those 
with right atrial dilation and large ASD sizes. 

In adult studies, both P maximum and P disper- 
sion were found to be significantly higher in pa- 
tients with PAF.ll A P maximum value of 110 ms 
and P dispersion value of 40 ms separated patients 
with PAF from controls with a sensitivity of 88 and 
83%, a specificity of 75 and 85%, respectively.11 
However, multivariate analysis of several variables 
revealed that only P maximum and not P disper- 
sion was a significant independent predictor of re- 
current PAF.* The study of Chang et al.7 supported 
the above opinion that prolongation of P-wave du- 
ration ( L 100 ms) was an independent predictor of 
postoperative AF while P dispersion did not prove 
to be a predictor of postoperative AF in patients 
after coronary artery bypass surgery. 

In this study, the children with ASD had no 
history of atrial arrhythmias. However increased 
values of P maximum and P dispersion to as high as 
135 ms and 62 ms, respectively, particularly in 
those with large ASD or dilated RA are indicative 
of prolongation and heterogeneity of atrial conduc- 
tion which may predispose these children to PAF. 
The mechanismls for such conduction defects may 
be a combination of anatomic, morphologic, and 
possibly electrophysiological factors that are re- 
lated to the structural and hemodynamic features 

of ASD. Although size of ASD does not directly 
influence the magnitude of left-to-right shunt, their 
likely association is indicated by the fact that al- 
most 90% of the ASD children with dilated RA 
have large ASD. 

This study revealed that children with ASD had 
significantly prolonged P dispersion in comparison 
with normal controls. P maximum and P disper- 
sion which were indicative of atrial conduction 
time and inhomogeneity of atrial conduction, re- 
spectively, were more severe with increase in size 
of ASD and in the presence of right atrial dilation. 
Whether such changes in atrial conduction predis- 
pose the children to PAF is yet to be proved. The 
results of this study, however, may have useful 
prognostic implication in differentiating those who 
are more predisposed to develop atrial dysrhyth- 
mias. Secondly, children with secundum ASD and 
with abnormal P-wave markers warrant serial ECG 
assessment and clinical follow-up to detect atrial 
dysrhythmias. Thirdly, in circumstances where 
echocardiography is not easily available, the use of 
simple P-wave markers may be helpful indicators 
of atrial size and dilation. 
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