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Usefulness of P-Wave Signal Averaging to Predict Atrial
Fibrillation Recurrences after Electrical Cardioversion
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Background: Accurate markers of atrial fibrillation (AF) recurrences after electrical cardioversion
(ECV) are lacking. This study was conducted to assess the value of P-wave signal averaging (SAPW)
for predicting AF recurrences in a nonselected patients population submitted to ECV.

Methods: A total of 133 patients (107 males, 26 females, mean age 66 ± 9 years) were included
after successful ECV for persistent AF (mean duration of AF 3.6 ± 2.2 months). The mean ejection
fraction (EF) was 60 ± 9%, and left atrial (LA) diameter was 44 ± 6 mm. SAPW ECG was obtained
immediately after ECV and patients were prospectively followed.

Results: During a mean follow-up of 8.9 ± 5.2 months, AF recurrences occurred in 40.6%
(54/133). No SAPW parameters was statistically different between the group of patients with and
the group without recurrences. Recurrences were less often observed in patients with a total P-wave
duration <150 ms (16/52 or 31% vs 38/81 or 47% in patients with total P-wave duration ≥150 ms)
but the difference was not statistically different (P = 0.07). P-wave duration was correlated with age
(r = 0.32; P < 0.001) and left atrial diameter (r = 0.19; P = 0.02). Age, sex, structural heart disease,
amiodarone therapy, or hypertension were not associated with AF recurrences but patients without
recurrences had a shorter AF duration (P = 0.001) and more often had a history of previous ablation
(P = 0.027).

Conclusion: In this unselected “real-life” group of patients submitted to ECV for persistent AF,
none of the SAPW parameters, including total filtered P-wave duration, was able to predict AF
recurrences.
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INTRODUCTION

Atrial fibrillation (AF) is the most frequently
encountered sustained arrhythmia in clinical prac-
tice, occurring in 1–2% of the general population
and this prevalence will increase in the next
decades because of the ageing of the population.
The natural course of AF is progression from a
paroxysmal form to a persistent or permanent
form, and at the beginning of the disease,
attempts are usually made to keep the patient
into sinus rhythm with antiarrhythmic drugs
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CH-1217 Meyrin, Geneva, Switzerland. Fax: 00 41 22 / 785.18.63; E-mail: zimmermann.family@bluewin.ch

Funding: Dr. Blanche was supported by a grant from the “Fondation de La Tour pour la Recherche Cardiovasculaire,” Meyrin, Geneva,
Switzerland.

Disclosure: none.

and electrical therapy. Electrical cardioversion
(ECV) is the most effective method for converting
AF to sinus rhythm. However, recurrences are
frequently observed and until now only few
markers of recurrences have been identified,
such as AF duration, size of left atrium, age
and left ventricular hypertrophy.1–4 The signal-
averaged electrocardiogram (SAECG) is a simple
noninvasive tool, which has been used for years,
initially to evaluate the presence of ventricular late
potentials, and the technology has been extended
to analyse the P wave in order to provide a more
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accurate evaluation of atrial conduction. Several
studies have used this method and the related P-
wave parameters to predict AF recurrences after
electrical cardioversion but results have been
controversial essentially because the design of the
published trials and the SAECG systems used have
been different.5–18 In this study, we hypothesized
that the signal-averaged P-wave (SAPW) ECG could
be a useful, inexpensive and simple predictive
marker of AF recurrences in an unselected “real-
world” patients population submitted to direct
current electrical cardioversion.

METHODS

Patients

After informed consent, 133 consecutive patients
(107 male, 26 female, mean age 66 ± 9 years) with
persistent AF and referred for direct current elec-
trical cardioversion were prospectively enrolled.
Indication for electrical cardioversion was persis-
tent symptomatic AF despite rate control (class
IIa, level B indication).19 Patients were treated
with the anticoagulant acenocoumarol for at least
4 weeks before the procedure with a targeted
INR of 2.0–3.0. On the day of the procedure, all
patients had an INR control and a transoesophageal
echocardiography was performed before ECV
in case of inadequate anticoagulation. Patients
with permanent pacemakers or defibrillators were
excluded from the study because of the possibility
of atrial pacing during the SAPW recording. Direct
current electrical cardioversion was performed
under general anaesthesia with 150–200 J (biphasic
waveform), with conversion to sinus rhythm at the
first (n = 106), second (n = 24) or third attempt (n =
3). The P-wave signal-averaged ECG was obtained
in the first 2 hours following ECV. Patients were
followed with continuous ECG monitoring in the
ICU during at least 3 hours and all patients were
discharged from the hospital on the day of the
procedure. No complication occurred in relation
with ECV. Patients were prospectively followed
for 10 months or until recurrences occurred.
Recurrences were defined as documented AF
(duration > 1 min) occurring after the ECV. To
detect AF recurrences, serial clinical evaluations
and 12-lead ECG recordings were obtained at 3
months interval as well as at least one 24-hour
Holter ECG at 1 month after the procedure or in

case of symptoms. Antiarrhythmic drug treatment
was led to the physician’s discretion in charge of
the patient and anticoagulation was maintained for
at least 1 month in the absence of recurrence and
longer in the presence of recurrences or in patients
with a CHA2DS2VASc score >1.

P-wave Signal Averaging

A P-wave signal averaged recording was ob-
tained in the first 2 hours after ECV in all patients
using the Phi-Res analysis module from Marquette
Medical system (GE Healthcare, Waukesha, WI,
USA). The software uses a P-wave trigger and
provides filtering and automatic delineation of the
averaged P wave. Automatic measurements in-
clude total filtered and unfiltered P-wave duration
(FPD), P-wave integral, and root mean squared
(RMS) voltages of the terminal 20, 30, and 40 ms.
Electrocardiographic data are obtained in the X,
Y, Z planes and the three leads are combined
into a vector magnitude VM (VM =

√
(X2 +

Y2 + Z2). Qualified P waves are correlated with
a P-wave template and only P waves with a
correlation coefficient >0.95 are taken into account
for the averaging process for filtering (bidirectional
Butterworth high-pass filter of 40 Hz) and for
analysis. The endpoint for the averaging process is
predetermined (250 beats) and only recordings with
a residual noise level <0.6 microvolt are used. Two
independent observers verified all tracings and
automatic measurements were corrected according
to visual delineation of the beginning and of the
end of the P wave (Fig. 1). Normal values for the P-
wave signal-averaged ECG were determined in 34
normal subjects (22 males; 12 females; mean age 44
± 17 years) without any history of AF, structural
heart disease or hypertension. In this group, the
mean FPD was 122 ± 28 ms, the mean RMS-20
3.8 ± 1.9 µV, the mean RMS-30 4.5 ± 2.0 µV, the
mean RMS-40 4.9 ± 2.1 µV, and the mean P-wave
integral 507 ± 158 µVs, with a residual noise of
0.4 ± 0.2 µV. Investigators and patients as well as
attending physicians were blinded as to the results
of SAPW ECG.

Statistical Analysis

Data are expressed as mean ± standard devia-
tion. Differences in continuous variables between
patients with recurrences and patients with-
out recurrences were performed using Student’s
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Figure 1. Example of P-wave signal averaged recording
with measurement of total filtered P-wave duration and
other SAECG parameters.

unpaired t-test. Differences in categorical data
were performed using chi-square analysis or
Fisher’s exact test. A P value of less than 0.05 was
considered significant. The correlation between P-
wave duration and other variables was assessed
using Pearson’s correlation coefficient.

RESULTS

Among the 133 patients with successful ECV,
107 were males and 26 females, with a mean
age of 66 ± 9 years. Structural heart disease was
identified in 52/133 (39%; coronary artery disease
in 20; valvulopathy in 16; dilated cardiomyopathy
in 5; others—atrial septal defect, hypertrophic
cardiomyopathy, hypertensive heart disease—in
11) and hypertension was present in 62/133 (47%).
Mean duration of the current AF episode was 3.6
± 2.2 months. Beta-blockers were used at the time
of cardioversion in 65/133 patients (49%), alone in
32/65 and in combination with antiarrhythmics in
33/65. Antiarrhythmic drug therapy was used at the
time of ECV in 79/133 patients (59%) (amiodarone
in 61; flecainide in 18) (see Table 1).

Figure 2. (A) Correlation between total filtered P-wave
duration during signal averaging and age. (B) Correlation
between total filtered P-wave duration during signal-
averaging and left atrial diameter measured during
transthoracic echocardiography.

Compared to controls, patients with persistent
AF had a prolonged FPD after electrical car-
dioversion (161 ± 25 ms vs 122 ± 28 ms, P <

0.0001) but all other SA-ECG parameters were not
statistically different from controls. FPD was not
statistically different in patients with compared
to patients without antiarrhythmics at the time
of cardioversion (167 ± 29 ms vs 158 ± 21 ms,
P = 0.13).

During a mean follow-up of 8.9 ± 5.2 months,
recurrences occurred in 40.6% of the patients
(54/133). Clinical characteristics of patients with
and without AF recurrences during follow-up are
summarized in Table 1 and the various P-wave
signal-averaged ECG parameters in patients with
or without AF recurrences are shown in Table 2.
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Table 1. Patient Characteristics

No Recurrence Recurrence P Value
(n = 79) (n = 54)

Age, years 65.4 ± 9.3 66.7 ± 8.3 0.39
Male sex 64/79 (81%) 43/54 (80%) 0.84
Structural heart disease 27/79 (34%) 25/54 (41%) 0.16
Drug therapy
Beta-blockers alone 19/79 (24%) 14/54 (26%) 0.83
Beta-blockers +

amiodarone
16/79 (20%) 7/54 (13%) 0.27

Amiodarone alone 22/79 (28%) 16/54 (30%) 0.82
Flecainide + beta-blockers 6/79 (8%) 3/54 (6%) 0.73
Flecainide alone 6/79 (8%) 3/54 (6%) 0.73
Hypertension 24/79 (51%) 22/54 (41%) 0.26
Atrial fibrillation duration

(months)
2.6 ± 2.7 6.9 ± 11.1 0.001*

Left atrial diameter (mm) 43.8 ± 5.5 45.0 ± 7.2 0.27
Left ventricular ejection

fraction (%)
60.6 ± 10.0 61.4 ± 8.7 0.61

Previous atrial fibrillation
ablation-pulmonary vein
isolation (%)

32/79 (41%) 12/54 (22%) 0.027*

Table 2. SAPW Parameters in Patients with and without Recurrences

No Recurrence Recurrence P Value

(n = 79) (n = 54)
FPD (ms) 157.9 ± 24.1 164.8 ± 24.9 0.11
RMS20 (µV) 4.5 ± 8.1 4.0 ± 2.7 0.65
RMS30 (µV) 4.9 ± 7.5 4.3 ± 2.5 0.60
RMS40 (µV) 5.4 ± 6.5 4.4 ± 2.4 0.31
P-wave integral (mV) 746 ± 361 691 ± 254 0.39

FPD = total filtered P-wave duration; RMS = root mean square voltage.

Although a trend toward a longer P-wave duration
was observed in patients with AF recurrences,
none of the SAPW parameters was statistically
different between patients with and patients
without recurrences, including total FPD (164.8 ±
24.9 ms vs 157.9 ± 24.1 ms, P = 0.11) and RMS-
20 (4.5 ± 8.0 µV vs 4.0 ± 2.7 µV, P = 0.65), two
parameters found to be powerful predictors of AF
recurrences in some other studies. In a univariate
analysis, only AF duration (P = 0.001) and a history
of previous radiofrequency catheter ablation (P
= 0.27) were found to be significantly different
between patients with and patients without AF
recurrences. None of the clinical variables such
as age, sex, presence of structural heart disease,
amiodarone therapy, hypertension or left atrial
diameter was significantly associated with AF
recurrences (Table 1). Patients with a FPD of
<150 ms were found to have less recurrences
(16/52 or 31%) than patients with a PFD ≥150

ms (38/81 or 47%) but the difference was not
statistically significant (P = 0.07) and sensitivity,
specificity, and predictive values of this parameter
were low (sensitivity 47%, specificity 69%, positive
predictive value 70%, negative predictive value
46%). A weak but significant correlation was
observed between FPD and age (r = 0.32; P <

0.0001) (Fig. 2A) and between FPD and left atrial
diameter (r = 0.19, P = 0.02) (Fig. 2B), but no
significant correlation was observed between age
and left atrial diameter (r = 0.15; P = 0.08).

DISCUSSION

Several independent predictors of AF recur-
rences after ECV have been identified, such as age,
AF duration, number of episodes, hypertension, LA
size, coronary heart disease, mitral valve disease,
and C-reactive protein levels1–4 but quantitative
noninvasive markers are still lacking. In this study,
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we evaluated the value of SAPW using a well-
established and commercially available SAECG
methodology but we failed to demonstrate that the
SAPW parameters could be useful predictors of AF
recurrences after ECV in an unselected group of
patients.

In the literature, several studies have been
published on that subject5–11,14–18. Results have
been conflicting because these studies had different
designs, different methodologies, different patient
populations, and different endpoints. Some studies
have concluded that FPD was able to identify
patients prone to AF recurrences after electrical
cardioversion7,8,11,12,14–17 whereas others showed
that FPD was not useful to assess the risk of
AF recurrence.5,9,10 Chalfoun et al.5 studied the
reverse electrical remodeling after ECV using the
SAPW. In agreement with our data, they found
that the baseline FPD was not different between
patients with or without recurrences but they
observed that the FPD in patients remaining in
sinus rhythm decreased significantly over time
compared to patients with recurrences. This
observation was confirmed by Elesber et al.6 in the
first hours after successful ECV, but these authors
did not study the relationship to AF recurrences.
Guo et al.7 followed a group of 60 patients for 6
months after successful ECV for AF: they observed
a high rate of AF recurrences (67%) and found that,
at the beginning of the follow-up, all the SAPW
parameters were statistically different in patients
with compared to patients without AF recurrences.
However, at 1 week, only RMS and integral
of the entire P wave were statistically different
between the two groups of patients suggesting early
electrical remodeling. A prolonged FPD (>160 ms)
was found by Dixen et al.18 to be a risk factor
for recurrences with an OR of 2.22 (95% CI 1.07–
4.60) but the statistical significance was borderline
(P = 0.03), sensitivity (48%) and specificity (71%)
scores were low (comparable to what was observed
in the present study), and the follow-up was very
short (1 month). Interestingly, the study of Raitt et
al.17 showed that FPD was useful only in patients
not taking antiarrhythmic medication whereas FPD
had a poor predictive value in patients taking
antiarrhythmic drugs. It should be remembered,
however, that most patients submitted to electrical
cardioversion in daily practice are treated with
antiarrhythmics in order to enhance maintenance
of sinus rhythm and therefore, such information
is of limited clinical value. In the present report,

FPD was not statistically different in patients with
or without antiarrhythmic drug therapy.

It is fundamental to remind that SAPW method-
ology can greatly influence the results, and could
explained in part the discrepancies observed
between prior studies20: Holmqvist and al.21

showed that some parameters of the methodology,
such as the noise level, could deeply influence
the duration of the P wave and falsify the
interpretation of the results. In practice, the most
widely available systems are the Predictor system
(Corazonix Corporation Oklahoma City, OK, USA)
and the Phi-Res analysis Marquette system that
have been validated in several trials.22,23 In the
largest one, Dhala et al.24 established standard
SAPW parameters in healthy subjects according to
age and sex using the Phi-Res Marquette system
and found that FPD was sex-dependent and longer
in men, but not related to age. In this study, as in
others,11 a weak but significant correlation with age
was observed. In Dhala’s study,24 FPD was shorter
in healthy patients compared to patients with a
history of paroxysmal AF and these observations
have been confirmed by others.11,25,26

The changes of PFD observed after ECV or
recurrences are not completely understood: P-wave
duration reflects inter- and intraatrial conduction
time but is often difficult to diagnose accurately
on a standard electrocardiogram.27 AF first induces
this electrical abnormality, which is followed by
structural alterations such as fibrosis and left atrial
enlargement.28 This electroanatomic remodeling is
involved in the initiation and maintenance of AF,
resulting in electrical dissociation and local con-
duction heterogeneities.29,30 After cardioversion,
a reverse process may occur with recovery of
the rate-adaptation of atrial refractoriness30–32 and
a reduction of FPD.12,13 In fact, persistent AF
may induce prolonged and perhaps irreversible
electroanatomic changes that cannot be completely
restored to normality and this phenomenon may be
reflected by a longer FPD which could represent an
“electrico-anatomical” marker of recurrences.

CLINICAL IMPLICATIONS

Our findings indicate that SAECG parameters
are not useful in the real world to predict AF
recurrences after ECV in an unselected group
of patients with persistent AF. More studies are
needed to define subgroups of patients who may
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benefit the most from such a technology,33 to
establish a correlation between electrical markers
and echocardiographic parameters and to assess
potential reversibility of electroanatomical modi-
fications during the weeks after ECV.

STUDY LIMITATIONS

Preprocedure antiarrhythmic drug therapy was
not discontinued before ECV. Drugs like amio-
darone and flecainide may have influenced the
total P-wave duration. However, in this study,
FPD was not statistically different in patients
with or without antiarrhythmic drug therapy,
and there were no significant differences in the
use of antiarrhythmic agents between patients
with and patients without recurrent AF. More-
over, antiarrhythmic drugs are frequently used
in the real world to enhance the success rate
of electrical cardioversion (class IIa, level B)19

and most previous studies have also included
patients with antiarrhythmic drug therapy.15,17,18

The present results may not be applicable to
other methods of P-wave signal averaging. The
SAPW ECG recording can only be performed
during sinus rhythm: therefore, patients with early
AF recurrences after ECV are not suitable for
SAPW ECG recording. Asymptomatic recurrences
of nonpersistent AF may have occurred during the
follow-up period and the rate of recurrence may
therefore be underestimated. However, all patients
had persistent symptomatic AF before ECV and
according to the follow-up protocol recurrences
of persistent AF would have been detected. The
sample size is relatively small. In this study, no
attempt was made to obtain serial SAPW ECGs and
serial echocardiographic examinations at 1, 3, and
6 months. Therefore, reverse electroanatomical
remodeling cannot be assessed from the present
data. Left atrial size was evaluated only by left atrial
diameter at echocardiography and a more precise
evaluation of left atrial dimension or function could
be helpful.

CONCLUSION

In unselected “real world” patients submitted
to ECV for persistent AF, SAECG parameters
including FPD and RMS-20 are not predictive of
AF recurrences. Further research is required to find
accurate risk factors for AF recurrences in patients

with persistent AF in order to improve treatment
strategy after ECV.
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