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Objective - Using P-wave signal-averaged electro-
cardiography, we assessed the patterns of atrial electrical
activation in patients with idiopathic atrial fibrillation as
compared with patterns in patients with atrial fibrillation
associated with structural heart disease.

Methods - Eighty patients with recurrent paroxysmal
atrial fibrillation were divided into 3 groups as follows:
group I - 40 patients with atrial fibrillation associated
with non-rheumatic heart disease; group II - 25 patients
with rheumatic atrial fibrillation; and group III - 15 pati-
ents with idiopathic atrial fibrillation. All patients under-
went P-wave signal-averaged electrocardiography for fre-
quency-domain analysis using spectrotemporal mapping
and statistical techniques for detecting and quantifying
intraatrial conduction disturbances.

Results - We observed an important fragmentation in
atrial electrical conduction in 27% of the patients in
group I, 64% of the patients in group II, and 67% of the pa-
tients in group III (p=0.003).

Conclusion - Idiopathic atrial fibrillation has impor-
tant intraatrial conduction disturbances. These altera-
tions are similar to those observed in individuals with
rheumatic atrial fibrillation, suggesting the existence of
some degree of structural involvement of the atrial myocar-
dium that cannot be detected with conventional electro-
cardiography and echocardiography.
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Atrial fibrillation is the most common sustained arrhyth-
mia diagnosed in clinical practice 1-4. In the general population,
its prevalence increases with age: it is lower than 1% in the age
bracket from 40 to 65 years, ranges from 2% to 5% in the age
bracket from 65 to 74 years, and is higher than 5% above the
age of 75 years. No difference in incidence has been observed
between the sexes 1. The increase in prevalence and incidence
of atrial fibrillation with age is mainly associated with coexisting
cardiac diseases. However, an independent effect of direct
ageing on the atrial tissue cannot be excluded 5.

A history of congestive heart failure, rheumatic valvar
disease, left ventricular hypertrophy, and left atrial enlarge-
ment are independent risk factors associated with the gene-
sis of atrial fibrillation. The presence of this arrhythmia in
structurally normal hearts, although infrequent, may be de-
tected in clinical practice. The triggering and maintenance
factors of idiopathic atrial fibrillation are not very well defi-
ned. However, a significant number of patients with the pa-
roxysmal or persistent form of atrial fibrillation, even though
without evidence of anatomical cardiac alterations, evolve
towards chronic atrial fibrillation. Such patients include
those with structural heart disease despite the use of antiar-
rhythmic drugs. The objective of our study was to identify
the electrophysiological behavior of atrial activation in pati-
ents with paroxysmal or persistent atrial fibrillation, through
the use of P-wave signal-averaged electrocardiography for
frequency-domain analysis.

Methods

In a cross-sectional study, we analyzed 80 patients
who were being followed up in the outpatient cardiac arrhy-
thmia care unit of the Hospital Universitário Pedro Ernesto.
These patients had a history of at least 2 episodes of paro-
xysmal or persistent atrial fibrillation confirmed on electro-
cardiography in the last year, and they had not used any
antiarrhythmic drug for at least 5 half-lives of each drug in
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question. The study was carried out from December 1996 to
December 1997. These patients were followed up in the
outpatient clinics, assessed through anamnesis, physical
examination, electrocardiography, and two-dimensional
Doppler echocardiography. They were divided into 3 grou-
ps according to the cause of paroxysmal or persistent atrial
fibrillation as follows:

Group I - 40 patients with a mean age of 49.2±15.8
years, 21 being females, with paroxysmal or persistent atrial
fibrillation secondary to different heart diseases as follows:
ischemic (16 patients), hypertrophic (7 patients), hyperten-
sive (3 patients), chagasic (8 patients), and idiopathic car-
diomyopathy (6 patients).

Group II - 25 patients with a mean age of 42.1±14.3 ye-
ars, 11 being females, all of whom had paroxysmal or persis-
tent atrial fibrillation associated with rheumatic involvement
of the mitral valve.

Group III - 15 patients with a mean age of 62.9±18.4 ye-
ars, 6 being females, all of whom had idiopathic paroxysmal
or persistent atrial fibrillation.

Those patients in whom no data regarding atrial fibril-
lation could be found in the clinical history, on physical exa-
mination, electrocardiogram, echocardiogram, or in the labo-
ratory tests for thyroid function that could correlate with a
primary cause were considered as having idiopathic paro-
xysmal or persistent atrial fibrillation.

After the patients provided written consent to take part in
the study, they underwent P-wave signal-averaged elec-
trocardiography. All tests were performed in the morning. The
records were obtained with model IIc ART-Corazonics equipment
(ART Inc., Texas, USA) and later analyzed by a single observer.

 Frank’s orthogonal system with 3 bipolar leads and in-
version of the X and Y axes was used for data acquisition.
The Y vector was positioned on the 4th intercostal space, in
the midaxillary line, the negative pole to the right, and the
positive pole to the left. The X vector was positioned with
its negative pole in the manubrium and its positive pole in
the left costal margin in the midclavicular line.

Signal-averaged electrocardiography was performed by
displacing the fiducial point to the right of the coherent avera-
ging window, with total exposure of the P-wave. The correlation
window with 30ms of duration was positioned on top of the P-
wave, and the correlation coefficient was fixed at 0.99. The noise
window was positioned on top of the TP segment and had a du-
ration of 100ms. The final coherent averaging noise was esta-
blished in 0.3 µV. Recognition of the P-wave morphology was
specific for the wave used as a reference, and the aberrant atrial
complexes were successfully rejected.

After coherent averaging, the frequency-domain ana-
lysis of the P wave was performed using the spectro-tempo-
ral mapping technique. The maps were built by dividing the
area of analysis upon the P wave into segments of 16ms of
duration, separated by intervals of 2ms, multiplied by a ta-
pering window of the Blackman-Harris type. Determination
of the content of signal frequency was performed, applying
the fast Fourier transform with 512 points for each segment.
The signals of each segment were preprocessed for the cal-
culation of the numerical derivative, and then, the arithmetic

mean was subtracted. The maps of the X, Y, and Z leads
were added for building the spectral vectorial magnitude
and further analysis.

Based on the spectral map, we analyzed the mean
(CEM) and standard deviation (CEDP) of the intersegmen-
tar linear correlation between the amplitudes of the power
spectra of the adjacent segments. We also analyzed the
standard deviation of the frequency add track (BDDP) of the
concentration of energy of the power spectrum of each seg-
ment during atrial activation. Intersegmentar correlation
analyzes the amplitude distribution of the power spectrum
of between consecutive segments throughout atrial activa-
tion. Absolutely uniform conduction of the electrical sti-
mulus would be hypothetically represented by a mean equal
to 1 and standard deviation equal to zero, indicating perfect
correlations between the segments. The values were mul-
tiplied by 100 to facilitate reading and manipulation.

The add track, on one side, identifies the concentra-
tion of energy corresponding to 80% of the area of the po-
wer spectrum of the segment analyzed in Hertz. The follo-
wing cut values, already established in previous publica-
tions6, were considered abnormal: CEM ≤78, DP CEM ≥32,
and CEDP ≥75 Hz. The examination is considered positive
for the presence of fragmented atrial potentials, when 2 or
more variables are abnormal.

Data of all variables obtained were filed and analyzed
using a personal computer and version 6 of the EPI Info pro-
gram. The variables of the groups were analyzed using the 2-
tailed Student t test for 2-by-2 comparisons and 1-way analy-
sis of variance (ANOVA) for comparison of multiple means
with normal distribution. The chi-square (χ2) test with Yates
correction was used for comparing the frequency distribu-
tions. The level of alpha significance was fixed at 0.05. The va-
riables CEDP and BDDP were transformed into their natural
logarithms prior to the statistical analysis for normalization of
their functions of distribution of probability.

Results

Gender distribution in the groups was similar, with no
statistically significant differences. In regard to age, we
observed a higher mean in group III as compared with
groups I and II (ANOVA; p<0.001).

The means and standard deviations of the variables

Table I – Spectral analysis of atrial activation (mean ± standard deviation)

Variable Group I Group II Group III pª

CEM 80.7 ± 7.8 76.3 ± 9.3 75.5 ± 8.1 0.04
CEDP 28.9 ± 11.5 33.0 ± 12.9 35.9 ± 10.6 -
CEDP LnT 3.2 ± 0.6 3.4 ± 0.5 3.5 ± 0.3 0.14
BDDP 57.4 ± 12.5 57.2 ± 12.8 67.1 ± 13.0 -
BDDP LnT 4.0 ± 0.2 4.0 ± 0.2y 4.2 ± 0.2 0.04

CEM- mean of the segmentary linear correlation; CEDP- standard deviation
of the segmentary linear correlation; BDDP- standard deviation of the add
track; ª level of significance of the “one-way” analysis; á p<0.05 group I vs
group II; Ì p<0.05 group I vs group III; y p<0.05 group II vs group III.
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studied are shown in table I. We observed that for the CEM
variable, group I had higher values than groups II and III
(ANOVA; p=0.04). The CEDP variable showed no statisti-
cally significant difference between the 3 groups. The BD-
DP index showed statistically significant differences, which
were greater in group III as compared with those in groups I
and II (ANOVA; p=0.04).

Table II shows the incidence of abnormal values of

the variables analyzed in the groups studied and the inci-
dence of positive examinations for fragmented atrial po-
tentials.

When looked at individually, only the CEM variable
showed a statistically significant difference, which was
greater in group I as compared with the other groups. In the
analysis of fragmented atrial potentials, groups II and III had
a higher incidence of positive examinations than did group I.
Figure 1 shows the P-wave signal-averaged electrocar-
diogram frequency-domain analysis of patients in groups I
(negative examination) and III (positive examination).

Discussion

Slowness in the conduction of the electrical stimulus
and dispersion of atrial refractoriness constitute the major
factors in the formation of reentrant circuits in the atria, espe-
cially in compromised hearts 7. Structural changes in the
atrial tissue are also related to factors predisposing one to
this heterogeneity in electrical conduction and excitation 8.
Age, atrial distension, interaction with the autonomous

Table II – Incidence of abnormal values of the variables analyzed
on signal-averaged electrocardiogram in the groups studied (% of

abnormal values)

Variable Group I Group II Group III χ2 p

CEM 32.5 64.0 66.6 8.482 0.014
CEDP 45.0 64.0 73.3 4.446 0.108
BDDP 7.5 12.0 26.6 3.672 0.159
Positive test * 27.5 64.0 66.6 11.34 0.003

CEM - mean of the segmentary linear correlation; CEDP- standard de-
viation of the segmentary linear correlation; BDDP- standard deviation
of the add track; * defined by the presence of 2 or more abnormal variables.

Fig. 1 – P-wave signal-averaged electrocardiography for frequency-domain analysis of the patients in groups I and III. On top, the spectral correlation technique, and at the bottom,
the frequency add track. To the left, in a patient with idiopathic atrial fibrillation, observe (arrow) the 3 altered parameters: CEM (Ave), CEDP (standard deviation), and BDDP
(standard deviation). To the right, in a patient with atrial fibrillation and chagasic cardiomyopathy, the 3 parameters studied are normal.
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nervous system, anisotropic conduction, and extrastimuli
are also involved in triggering atrial fibrillation.

In the present study, 3 groups of individuals with
paroxysmal or persistent atrial fibrillation were studied. Des-
pite the similar female distribution among the groups, the
analysis of age distribution showed that individuals with
idiopathic paroxysmal or persistent atrial fibrillation are sig-
nificantly older. This fact seems to reflect the epidemiolo-
gical characteristics of the diseases in question.

Until the present time, no typical morphological
alteration in atrial fibrillation has been reported. Fibrosis and
fat infiltration, such as the fibrosis that occurs in atria in
chronic atrial fibrillation, are alterations found in healthy
hearts of elderly individuals. Occasionally, specific con-
ditions like tumors, amyloidosis, or lipomatous hyper-
trophy may constitute arrhythmogenic histological subs-
trates.

Atrial fibrillation has been the object of increasing
interest for wider clinical research, due to the hemodynamic
deterioration and the increase in morbidity and mortality
that this arrhythmia may generate, with an important
impairment in the quality of life and a significant increase in
medical costs. Atrial fibrillation is almost always associated
with a heart disease or clinical disorder; however, in up to
30% of cases, no evidence of structural cardiac disease
exists 9.

QRS-complex signal-averaged electrocardiography
has been used in recent years to identify patients at risk for
potentially fatal ventricular arrhythmias 10. In 1991, Kelen et
al 11 proposed a new model to compensate for some disad-
vantages of the time-domain analysis and the methods used
until then for frequency-domain analysis 12. This technique
includes the analysis of the QRS complex as a whole and not
only the previously determined temporal part of frequency
or amplitude.

Frequency-domain mapping is characterized by
segmentation of the electrical signal at fixed intervals,
decomposing it in elementary frequencies, through the use
of rapid Fourier transform. The mark of the arrhythmogenic
abnormality is theorized to be the frequent and abrupt
change in the direction of the wave front activation,
crossing areas of abnormal conduction, resulting in the
presence of spectral turbulence 13.

Based on P-wave spectral mapping, some authors
investigated spectral turbulence as a marker of intraatrial
conduction disorders 13-15. In this context, P-wave signal-
averaged electrocardiography proved to be a noninvasive,
low-cost, easily performed and reproducible method;
therefore, it has been widely used in the evaluation and
stratification of the risk of atrial fibrillation 16-27.

Due to the presence of clear cardiac structural chan-
ges, patients with atrial fibrillation associated with rheu-

matic disease and other forms of heart disease would be
expected to have more alterations in atrial electrical acti-
vation detected on P-wave signal-averaged electrocar-
diography. However, the electrophysiological alterations
characterized by spectral turbulence in individuals with
idiopathic paroxysmal or persistent atrial fibrillation indicate
the existence of intraatrial conduction disorders as intense
as or more intense than those observed in patients with
paroxysmal or persistent atrial fibrillation and structural
heart disease.

Previous studies have shown that frequent monomor-
phic atrial extrasystoles may trigger episodes of atrial
fibrillation, and that ablation of this focus with a catheter
may prevent future episodes 28. This concept of focal atrial
fibrillation may explain, in some patients, the recurring
episodes of this arrhythmia despite the existence of a
structurally normal heart. On the other hand, other studies
in patients with paroxysmal or persistent atrial fibrillation
have reported histological abnormalities of the atrial myo-
cardium characterized by fibrosis and amyloid infiltration,
both in the rheumatic and in the idiopathic forms of this
arrhythmia 29,30. However, no data exist in the literature
allowing the comparison between the different atrial
histologic patterns according to each etiology and the
correlation with P-wave electrocardiographic findings. A
reasonable hypothesis to be considered, still lacking
scientific confirmation, is that the cause of idiopathic
paroxysmal or persistent atrial fibrillation is a primary
alteration in the atrial myocardium similar to that found in
rheumatic patients with fibrosis or deposition of amyloid
substances, facilitating the formation of reentrant circuits.
In this condition, idiopathic paroxysmal or persistent atrial
fibrillation will show an electrophysiological pattern of atrial
activation similar to that of rheumatic heart disease, in which
these structural alterations are frequently found.

In the present study, we show that alterations in
intraatrial electrical conduction are found with the same
frequency or more frequently in individuals with idiopathic
paroxysmal or persistent atrial fibrillation than in those with
several heart diseases, suggesting the presence of a type of
structural involvement of the atrial myocardium, which
cannot be detected on conventional electrocardiography
and echocardiography.

As limitations of this study, we can point out that the
P-wave alignment used allows a direct comparison of the
waveforms, with exclusion of ectopic beats. However, due
to P-wave morphological characteristics represented by
low voltage values and of the first derivative, as compared
with those of the QRS complex, the error of alignment of
waveforms may be high, generating less accurate analyses.
More advanced systems of P-wave coherent averaging may
be required to support our findings.
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