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Abstract

Background: Studies analyzing atrial activation on electrocardiograms (ECGs) have usually highlighted P-wave duration, 
P-wave dispersion, PR interval, P/PRi ratio, and atrial activation time (AAT). Although these indices can be predictors of 
atrial fibrillation (AF) in different clinical contexts, no study has analyzed them in the context of Chagas disease (CD). 

Objectives: To evaluate the following electrocardiographic indices as predictors of AF in CD: P-wave duration, AAT, 
P-wave dispersion, PR Interval, and P/PRi ratio.

Methods: This retrospective study examined ECGs of CD patients who had been monitored for at least 10 years and 
analyzed the progression of five electrocardiographic indices over time in patients with and without AF.

Results: Of the 42 patients with CD included in the study, 13 experienced AF (“with AF” group) and 29 did not (“without 
AF”). The mean time elapsed between the first and the second ECGs analyzed was 20.55±7.54 years. While the P/PRi 
ratio was not different between the two groups at the time of the first ECG, it decreased from 0.68±0.11 to 0.57±0.11 
in the “with AF” group and was significantly lower than the “without AF” group at the time of the second ECG (p=0.03). 
There were no statistically significant differences in the other parameters studied. 

Conclusions: In our study, only the P/PRi ratio was shown to predict the onset of paroxysmal AF, with lower values 
predicting the occurrence of this arrhythmia.
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Based on what we know so far and on studies on the risk of 
cerebrovascular accident (CVA), atrial fibrillation (AF) seems to 
affect CD patients in a similar way to the general population3-6 
and is therefore an indicator of poor prognosis, usually 
occurring in conjunction with severe systolic dysfunction. 
However, information regarding its prevalence and prognosis 
is still required for paroxysmal or persistent AF in cases without 
dysfunction or with mild left ventricular ejection fraction 
impairment.3-8 

There is a common-sense perception that AF may occur 
in more advanced stages of CD and that the prognosis of AF 
patients is poorer; however, specific studies are required to 
investigate this assumption and to provide definitive data on 
the incidence and prevalence of AF in CD.3-8 

Benchimol-Barbosa et al.9 retrospectively analyzed 50 
patients with CD who were followed for approximately seven 
years; they found that AF occurred in nine patients (18%).9

Marcolino et al.10 studied 262,685 patients treated in 
primary care units, with a mean age of 50.3 ± 19.3 years, 
59.6% of whom were women. These authors observed that 
2.8% (n=7,355) had CD. The prevalence of AF in that study 
was 1.8% (n=4,638). Of the AF patients, 51.8% had systemic 
arterial hypertension (2,402), and 8.8% (408) had CD. These 
two factors were independent risk factors for mortality. The low 
prevalence of diagnosed AF in patients with CD is noteworthy 
in general populations.10

Introduction
Chagas disease (CD), described by Carlos Chagas1,2 

in 1909, is still a serious public health problem, not only 
in Latin America but also in several other regions due to 
immigration. Known and unknown parasite carriers have 
transmitted this disease in non-endemic countries, mainly 
through blood transfusion or organ donation. In Brazil, the 
prevailing transmission mode is the oral route, particularly in 
the country’s northern region.

In the chronic phase, about 30 to 50% of those affected 
develop heart disease, including arrhythmia, thromboembolic 
phenomena, and heart failure. Sudden death can occur 
regardless of the presence of symptoms and is a cause of 
great concern.2 To this day, there are no criteria to allow us to 
know which patients will develop heart disease and which will 
remain asymptomatic (that is, without clinical manifestations 
of the disease) throughout their lives. 
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Ribeiro et al.11 studied 499 blood donors who presented 
positive serology for CD, and they found evidence of AF or 
atrial flutter (0.4%) in two of them, and in all these patients, 
the ejection fraction was < 50%. 

P-wave indices on the electrocardiogram and risk for AF 
Publications investigating atrial activation on the 

electrocardiogram (ECG) have highlighted some indices 
that could predict AF occurrence, namely: duration of the 
P-wave, dispersion of the P-wave duration, atrial activation 
time (AAT) (interval between the beginning and the peak of 
the P-wave), PR interval; and the P/PRi ratio (relationship 
between the P-wave and PR interval).12 

P-wave duration
For Luna,13 the increase in the P-wave duration represents 

a delay in the conduction between the two atria in the 
Bachmann bundle.13 This increase is related to arrhythmias. 
These anatomical and/or functional changes cause both 
structural and electrical disorganization of the atrial myocyte, 
resulting in atrial arrhythmias.14,15

Magnani et al.16 observed that the presence of P-waves 
lasting > 120 ms was associated with a higher risk of AF in a 
study conducted in Framingham with 1,557 individuals aged 
over 60 years who were followed up for 15 years. However, 
the dispersion of P-wave duration was not associated with a 
higher risk of arrhythmia.16

In a retrospective study, Bacquer et al.17 analyzed the 
morphology and P-wave measurements of 40 patients (aged 
55 -74) with AF on ECG, obtained 10 years prior to the 
appearance of AF, and compared them with the values of 

120 healthy controls matched for sex and age. An increase 
in P-wave duration and a bifid morphology were significantly 
associated with the development of arrhythmia over 10 years.17 

Nielsen et al.18 analyzed data of 287,933 individuals 
during a median follow-up period of 6.7 years. They 
observed that in those with a wave duration P > 130 ms, 
AF was more prevalent than in those with shorter P-waves. 
Similarly, individuals with prolonged P-waves had a 30% 
higher risk of cardiovascular death than those with P-waves 
of normal duration. With these data, the authors stated that 
increased P-wave duration identifies patients at higher risk 
for AF and cardiac death. 

Analyzing ECGs performed five minutes after successful 
electrical cardioversion in AF patients, Censi et al.19 observed 
AF recurred more often in patients with a higher P-wave 
duration, although this result was not statistically significant. 

Kaykha et al.20 analyzed ECGs from a cohort of 40,020 
individuals, adjusted for age and heart rate, and they observed 
that P-waves > 120 ms corresponded to a 45% higher risk 
of cardiovascular death and that this was a stronger marker 
than QRS duration, ST segment depression, prolonged 
QT interval, pathological Q wave or electrocardiographic 
criteria of left ventricular overload. Annual mortality among 
individuals with P-wave duration > 120 ms was 1.2%, 
increasing progressively, with rates of 3.9% when P-wave 
duration > 140 ms. 

P-wave dispersion
The P-wave dispersion is obtained by calculating average 

P-wave durations at each lead, and then calculating the 
difference between the highest and lowest of these values. 

AF: atrial fibrilation; P/PRi: P/PR ratio; AAT: atrial activation time; ECG: electrocardiogram ; NS: Not significant.
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It is related to regional differences in AAT. Dilaveris and 
Gialafos carried out a literature review on the P-wave 
dispersion as a predictor of paroxysmal AF. They found that 
using a cutoff value of 40ms resulted in a sensitivity of 83% 
and a specificity of 85% for patients who would develop a 
recurrence of arrhythmia.21 

Koide et al.22 studied the P-wave dispersion to stratify the 
risk of progression from paroxysmal to permanent AF. Of 204 
patients, 72 (35.3%) developed persistent AF in the 66 ± 
8-month follow-up period. Multivariate analysis of this study 
showed that age (OR = 2.18; p < 0.01) and P-wave dispersion 
(OR = 1.91; p < 0.01) were independent predictors for the 
transition from paroxysmal AF to persistent AF, with P-wave 
dispersion having a sensitivity of 71%, a specificity of 77%, a 
positive predictive value of 63%, a negative predictive value 
of 83% and an accuracy of 75% for dispersion > 40 ms.22 

Perez et al.23 retrospectively analyzed the resting ECGs 
of 42,751 patients. After five years, 1,050 (2.4%) patients 
developed AF. P-wave dispersion, premature atrial beats, and 
changes in the P-wave axis proved to be good predictors for 
the emergence of this arrhythmia when the data were adjusted 
for sex, age, and risk factors.23 

Başar et al.24 evaluated the P-wave dispersion in successful 
maintenance of the sinus rhythm after electrical cardioversion 
in 26 patients with persistent AF of non-valvular etiology. Of 
these, 19 (73.1%) had a recurrence of the arrhythmia after 
3±2.6 months. Logistic regression analysis showed that P-wave 
dispersion was the only independent predictor for arrhythmia 
recurrence. The ROC curve analysis showed that the best 
predictive value of P-wave dispersion for the maintenance of 
sinus rhythm was 58 ms, with a sensitivity of 86%, specificity of 
95%, positive predictive value of 86%, and negative predictive 
value of 95%.24 

To investigate potential predictors of AF recurrence, Salah 
et al.25 studied 198 patients who underwent ablation along 
with pulmonary vein isolation, finding that a P-wave duration 
greater than or equal to 125 ms and P-wave dispersion 
greater than or equal to 40 ms were good clinical predictors 
of AF recurrence. However, these P-wave indices were not 
independent of factors such as left atrial size and age.25

Atrial activation time
The AAT, which is the time from the beginning of the 

P-wave until its peak, measured in the D2 derivation, was 
associated in some studies with coronary reperfusion. 
When coronary reperfusion is altered, it may lead to 
an increase in the left ventricular end-diastolic pressure 
and a subsequent increase in left atrial pressure, which 
manifests itself electrocardiographically as an extension 
of AAT.13,14 This can lead to arrhythmias such as AF. In an 
analysis of 140 individuals, 70 of whom had a history of 
AF, Yildirim et al.26 observed that an AAT above 49.5 ms 
was associated with AF occurrence with a sensitivity of 
79.4% and specificity of 56.3%. 

In a retrospective study of 90 patients admitted for ischemic 
CVA, Oz et al.27 identified 34 patients (37.7%) with paroxysmal 
AF, and an AAT above 68.5 ms was a predictor of paroxysmal 
AF, with a sensitivity of 82.4% and specificity of 75%.27 

PR interval duration
A longer PR interval has been associated with several 

cardiac comorbidities, such as coronary heart disease, heart 
failure, future need for pacemaker insertion, and death.28 It 
has also been correlated with the appearance of AF and is used 
when calculating the Framingham risk score for AF.29 In a large 
study involving 288,181 individuals followed for a period of 
approximately five years, Nielsen et al.30 observed that 11,087 
participants developed AF. Longer PR intervals were associated 
with a higher risk of AF in both men and women, and shorter 
PR intervals were correlated with AF in women.30

P/PRi Ratio
Few studies have analyzed the relationship between the 

P-wave and PR interval (P/PRi) and its relationship with AF. 
Soliman et al.31 demonstrated that individuals with a P/PRi ratio 
above 0.70 had higher mortality than those in whom P/PRi was 
lower.31 Analyzing Holter recordings, Moreira DAR observed 
that patients with episodes of AF had a P/PRi ratio above 0.69. 
This finding showed a positive correlation between P/PRi and 
the left atrial diameter determined by echocardiography. The 
P/PRi index appears to be a useful electrocardiographic marker 
for identifying patients at risk for AF.32

These values have been used as predictors of AF 
development in different clinical contexts. However, no 
specific studies have been performed in the context of CD.

Very little data currently exists on electrocardiographic 
predictors of AF in individuals with CD, and we therefore 
undertook to investigate this subject. 

Objectives
To evaluate the following electrocardiographic P-wave 

indices as predictors of paroxysmal AF in patients with CD 
(following the order of appearance of the events on the ECG):

1. P-wave duration
2. mean P-wave dispersion
3. AAT
4. PR interval
5. P/PRi ratio

Methods

Inclusion criteria
Patients of both sexes, aged over 18 years, with a diagnosis 

of CD confirmed by two or more serology techniques, followed 
for at least ten years at Dante Pazzanese Institute of Cardiology 
(São Paulo, Brazil) were considered eligible for the study.  

Exclusion criteria
Patients who, in addition to CD, had other relevant 

comorbidities – systemic arterial hypertension with target organ 
damage, symptomatic obstructive coronary disease, diabetes 
with systemic complications, renal failure, mitral valve disease, 
patients without a sinus rhythm on their electrocardiographic 
records, patients with implantable electronic cardiac devices 
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(ICED, which include pacemakers, cardiac resynchronizers, 
and cardiac defibrillators) and permanent AF were excluded.

Selection of cases
Medical records of patients with confirmed diagnosis of CD, 

treated at the Prof. Elias Boainain Chagas Disease Laboratory 
of the Dante Pazzanese Institute of Cardiology, who were 
followed up for at least 10 years, and whose first and last 
ECGs were in sinus rhythm were reviewed. AF was diagnosed 
by ECG or Holter recordings and clinical manifestations. If AF 
was not detected by these methods, the patient was classified 
as being “without AF”. Patients were then divided into two 
groups: “with yes” and “without AF”. The groups were then 
analyzed according to the following P-wave indices obtained 
from their ECG and Holter recordings: P-wave duration, AAT, 
P-wave dispersion, PR Interval, and P/PRi ratio. 

Statistical analysis
As this is a retrospective study, sample calculations were 

not performed.
Continuous variables were described using mean and 

standard deviation. The comparison of ECG variables between 
individuals according to AF diagnosis (“with AF” or “without 
AF” at any time during the follow-up period) was performed 
using linear regression models adjusted by baseline values 
(first ECG) and the age at the time of the second evaluation. 
The results were presented as mean differences with 95% 
confidence intervals.

Evaluation of differences between the first and the second 
ECG was performed using linear regression models of AF 
diagnosis with the time between these ECGs as a cofactor.

Results
We retrospectively evaluated 513 medical records of 

patients with confirmed CD who attended the Prof. Elias 
Boainain Chagas Disease Laboratory of the Dante Pazzanese 
Institute of Cardiology (São Paulo, Brazil). Of these, 317 
(61.8%) electrocardiographic traces were of sufficient quality 
to allow scanning and measurements to be performed. Forty-
two patients (13.2%) met the inclusion criteria; 13 (31%) 
paroxysmal AF were identified, and in 29 (69%) patients, 
no electrocardiographic finding or symptoms that could be 
attributed to paroxysmal AF were found, and no patient had 
ICED. Thus, of the 317 patients initially evaluated, 13 had 
paroxysmal AF (4.1%). The data collected are shown in Table 1.

In the first evaluation, of the 42 patients, 24 (57.1%) had 
normal ECGs. The second test was normal in 16 (38.1%) 
patients. In both groups, most were female, 84.6% in the 
“with AF” group (11/13) and 62.1% in the “without AF” group 
(18/29). Table 2 and central illustration show the results by 
group in the first and second assessments.

The time elapsed between the two ECGs analyzed was, on 
average, 20.6 ± 7.5 years in the total sample, 19.4±7.3 years 
in the “with AF” group, and 21.1±7.7 years in the “without 
AF” group. There was no statistically significant difference 
between the two groups (p=0.503).

The mean age in the “with AF” group was 50.5±10.8 
years, and in the “without AF” group, it was 42.7±7.5 years. 
There was a statistically significant difference between the 
groups (p=0.03), with patients who presented with AF in the 
ECG being significantly older in the first evaluation than those 
without AF. This age difference between the groups remained 
statistically significant in the second evaluation after at least 
10 years of follow-up, with a mean age of 69.8 ± 8.1 years 
in the “with AF” group and 63.9 ± 9.1 years in the “without 
AF” group (p=0.046).

With regards to P-wave duration (Figure 1), the average 
duration in milliseconds (ms) in the “with AF” group was 
99.5 ± 15.3 ms in the first ECG and 101.2 ± 21.5 ms in 
the second ECG, and in the “without AF” group it was 
98.2±13.3 ms in the first ECG and 104.6±12.3 ms in 
the second ECG, with no statistically significant difference 
between the two groups (p=0.14).

For P-wave dispersion (Figure 2), the mean duration was 
18.9 ± 13.9 ms in the first ECG and 19.5±9.2 ms in the 
second ECG in the “with AF” group, and 19.0 ±11.9 ms 
in the first ECG and 17.6±9.3 ms in the second ECG in the 
“without AF” group, with no statistically significant difference 
between the two groups (p=0.37). 

Mean AAT in the “with AF” group was 48.9±7.2 ms in the 
first ECG and 50.1±10.7 ms in the second ECG, and in the 
“without AF” group, it was 48.2 ± 7.0 in the first ECG and 
50.9 ± 6.9 ms in the second ECG. There was no statistically 
significant difference between the groups (p=0.21) (Figure 3).

The mean duration of the PR interval (Figure 4) in the 
“with AF” group was 149.5±32.0 ms in the first ECG and 
184.0±54.6 ms in the second ECG. For the “without AF” group, 
it was 156.3±35.6 ms in the first ECG and 171.7±28.7 ms 
in the second ECG. There was no statistically significant 
difference between the groups (p=0.41).

Finally, with respect to the P/PRi ratio (Figure 5), the mean 
was 0.68±0.11 ms in the first ECG and 0.57±0.11 ms in the 
second ECG in the “with AF” group, and 0.65±0.15 ms in 
the first ECG and 0.62±0.12 ms in the second ECG in the 
“without AF”, with a statistically significant difference between 
the two groups (p=0.03).

Discussion
It is difficult to state categorically that paroxysmal AF have 

not occurred in any condition, including CD, since it can only 
be detected by continuous monitoring using devices that can 
be interrogated.

The prevalence of AF in CD is still a controversial subject 
among the authors. Benchimol-Barbosa and Barbosa-Filho3,9 
found that it occurred in 18% of the studied patients, whereas 
Marcolino et al.10 reported an 8.8% prevalence and Ribeiro 
et al.11 a prevalence of 0.4%. These differences were related 
to the presence of heart disease in the populations. Most 
patients did not have chronic Chagas cardiomyopathy on 
the first ECG (4.1% of the 317 evaluated cases and 31% of 
the selected case). Patients with AF were significantly older, 
which is consistent with the fact that this arrhythmia is more 
prevalent in older individuals.
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Table 1 – Data collected in the study

PATIENT 1st ECG 2nd ECG SEX
AGE 
1st 

ECG

AGE 
2nd 

ECG

 P 
WAVE 

1

 P 
WAVE 

2

 P1 
DISPERSION

P2 
DISPERSION AAT1 AAT2 PR 1 PR 2 P/PRi 

1
P/PRi 

2 1st ECG 2nd ECG
AF 

(YES/
NO)

1 03/29/2011 03/03/2021 M 57 67 126 140 20 20 60 68 240 320 0.525 0.406 NTR RBBB YES

2 10/15/2004 01/01/2021 M 38 54 92 92 12 24 46 44 270 160 0.34 0.575 NDN
RBBB + 
LASDB

NO

3 09/04/2008 10/20/2020 F 50 63 108 84 8 32 52 40 136 160 0.79 0.525 NDN NDN YES

4 10/09/1991 08/31/2020 F 40 68 80 104 4 20 36 52 152 164 0.526 0.634 NDN LBBB YES

5 03/21/2003 08/20/2020 F 52 69 104 120 16 12 52 60 144 160 0.722 0.75 DAVR DAVR YES

6 05/02/1990 01/05/2015 F 42 66 116 96 4 4 54 48 148 172 0.783 0.558
RBBB + 
BDAS

RBBB + 
LASDB

YES

7 06/07/1989 10/22/2019 M 30 60 88 124 20 40 42 62 120 192 0.733 0.625 NDN NDN NO

8 10/25/2000 10/10/2016 F 47 63 112 88 30 8 56 42 168 136 0.666 0.647 NDN NDN NO

9 01/28/1988 10/21/2012 F 42 66 80 80 20 10 40 40 120 132 0.666 0.606 RBBB RBBB YES

10 07/17/2001 07/02/2019 F 60 78 108 104 20 20 54 52 120 132 0.9 0.787 NDN NDN YES

11 06/11/1974 07/16/2014 M 34 74 104 104 16 16 52 52 192 196 0.541 0.531 NDN LASDB NO

12 10/26/1982 05/18/2000 F 37 55 92 64 8 36 46 32 148 120 0.621 0.533 NDN NDN YES

13 07/17/1984 11/04/2019 M 34 69 96 96 30 8 48 46 132 196 0.727 0.489
RBBB + 
BDAS

RBBB + 
LASDB

YES

14 12/09/1985 09/18/2017 F 37 69 100 108 8 10 50 54 136 160 0.735 0.675 NDN NDN NO

15 12/02/2000 04/25/2019 M 52 71 88 104 26 8 44 50 144 192 0.611 0.541 NDN NDN NO

16 12/13/1983 04/30/2007 M 46 69 100 104 10 12 48 50 144 176 0.694 0.59
RBBB + 
BDAS

RBBB + 
LASDB

NO

17 02/03/1984 12/05/2016 F 43 76 88 92 24 6 42 46 132 148 0.666 0.621 NDN RBBB NO

18 01/17/1985 05/18/2020 F 44 79 64 80 12 8 32 40 168 156 0.333 0.512 RBBB RBBB NO

19 03/03/1983 02/02/2020 F 40 77 96 120 24 24 48 60 120 236 0.8 0.508 NDN NDN NO

20 12/07/1996 11/18/2019 F 50 73 100 108 0 14 50 54 196 228 0.51 0.473 NDN NDN NO

21 06/01/2004 02/18/2021 F 52 69 92 116 24 4 46 58 144 156 0.638 0.743
RBBB + 
BDAS

RBBB + 
LASDB

NO

22 04/13/2005 02/13/2020 M 40 55 120 116 16 18 60 58 156 152 0.769 0.763
RBBB + 
BDAS

RBBB + 
LASDB

NO

23 08/15/2005 01/30/2020 F 40 54 84 80 10 20 40 38 168 172 0.5 0.465 NDN NDN NO

24 08/30/1999 06/14/2020 F 36 57 104 96 12 20 52 48 128 188 0.812 0.51
RBBB + 
BDAS

RBBB + 
LASDB

NO

25 09/02/2005 03/02/2021 F 34 49 104 108 10 20 54 56 136 164 0.764 0.658 NDN LBBB NO

26 01/13/2004 03/16/2020 F 36 52 120 116 30 8 60 56 172 176 0.697 0.659
RBBB + 
BDAS

RBBB + 
LASDB

NO

27 02/08/2001 09/28/2020 F 60 80 88 100 12 20 44 50 132 188 0.666 0.531 RBBB RBBB YES

28 06/23/2005 05/05/2021 F 62 78 112 120 24 40 54 58 132 136 0.848 0.882
RBBB + 
BDAS

RBBB + 
LASDB

NO

29 04/11/2003 07/30/2019 F 54 70 88 96 16 20 44 48 220 200 0.4 0.48 NDN NDN NO

30 05/05/2000 05/12/2021 M 54 75 96 100 30 20 48 50 160 172 0.6 0.581
RBBB + 
BDAS

RBBB + 
LASDB

NO

31 11/X/1997 05/12/2021 M 33 57 100 112 16 32 50 56 144 180 0.694 0.622 BDAS LASDB NO

32 03/13/2003 05/23/2019 F 40 56 84 108 30 20 42 52 116 160 0.724 0.674 NDN NDN NO

33 03/10/1999 07/03/2017 M 37 56 112 128 24 24 52 60 192 212 0.583 0.603 BDAS LASDB NO

34 12/29/2005 05/25/2021 F 46 61 96 100 12 8 49 50 152 156 0.631 0.641 NDN NDN NO

35 03/15/2000 06/21/2017 M 44 61 116 108 10 16 58 54 168 192 0.69 0.565 NDN NDN NO

36 12/27/2005 10/08/2020 F 63 78 84 124 28 22 44 62 128 212 0.656 0.603 NDN NDN YES

5
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37 04/28/2004 02/18/2021 F 43 60 116 108 64 8 58 54 128 124 0.906 0.87 NDN NDN NÃO

38 06/02/1996 07/02/2019 F 41 64 84 96 4 16 42 48 88 108 0.954 0.888 NDN LASDB NÃO

39 01/11/2001 01/16/2017 F 68 84 120 124 56 24 60 62 176 256 0.681 0.484
RBBB + 
BDAS

RBBB + 
LASDB

YES

40 11/05/2008 08/12/2020 F 52 64 92 80 20 26 46 40 168 180 0.547 0.444 NDN LBBB YES

41 09/25/2007 11/23/2020 F 37 51 108 112 18 24 42 36 168 172 0.643 0.651
RBBB + 
BDAS

RBBB + 
LASDB

NO

42 10/18/2006 05/31/2020 M 49 63 80 90 20 22 36 42 172 178 0.465 0.506
RBBB + 
BDAS

RBBB + 
LASDB

NO

AF: atrial fibrillation; AAT: atrial activation time ; ECG: electrocardiogram; RBBB: right bundle branch block; LBBB: left bundle branch block; LASDB: left anterior 
superior divisional block; NTR: nothing to report; DAVR: diffuse alterations of ventricular repolarization.

Table 2 – Analysis of electrocardiographic data

1st assessment
Presence of AF

p-value
No (n=29) Yes (n=13) Total (n=42)

Gender        

Female 18/29 (62.1%) 11/13 (84.6%) 29/42 (69.0%) 0.278

Male 11/29 (37.9%) 2/13 (15.4%) 13/42 (31.0%)

Age at 1st ECG 42.72 ± 7.53 50.54 ± 10.80 45.14 ± 9.28 0.03

P1 Wave 98.21 ± 13.33 99.54 ± 15.32 98.62 ± 13.80 0.789

PR1 156.34 ± 35.59 149.54 ± 31.98 154.24 ± 34.27 0.544

P/PRi 1 0.65 ± 0.15 0.68 ± 0.11 0.66 ± 0.14 0.563

DISP P1 19.03 ± 11.88 18.92 ± 13.92 19.00 ± 12.37 0.98

AAT1 48.17 ± 6.99 48.92 ± 7.24 48.40 ± 6.99 0.756

2nd assessment
Presence of AF Mean difference for the 

presence of AF p-value

No (n=29) Yes (n=13) Total (n=42) Dif* [95% CI]

Age at 2nd ECG 63.90 ± 9.05 69.77 ± 8.06 65.71 ± 9.08       0.046

Time difference between ECGs, years 21.07 ± 7.71 19.38 ± 7.29 20.55 ± 7.54 0.503

P2 Wave 104.62 ± 12.32 101.23 ± 21.50 103.57 ± 15.54 -7.09 -16.5 2.32 0.14

PR2 171.66 ± 28.67 184.00 ± 54.65 175.48 ± 38.32 9.68 -13.61 32.97 0.41

P/PRi 2 0.62 ± 0.12 0.57 ± 0.11 0.60±0.12 -0.07 -0.13 -0.01 0.03

DISP P2 17.59 ± 9.28 19.54 ± 9.21 18.19 ± 9.19 2.95 -3.68 9.59 0.37

AAT2 50.90 ± 6.88 50.15 ± 10.66 50.67 ± 8.11 -3.02 -7.84 1.8 0.21

*Regression model adjusted by baseline assessment (1st ECG) and age (2nd ECG) (ANCOVA). AF: atrial fibrillation; P1 Wave: P-wave in the 1st electrocardiogram (ECG); 
P2 Wave: P-wave in the 2nd electrocardiogram; PR1: PR interval in the 1st electrocardiogram; PR2: PR interval in the 2nd electrocardiogram; P/PRi1: P/PRi ratio in 
the 1st electrocardiogram; P/PRi2: P/PRi ratio in the 2nd electrocardiogram; DISP P1: P-wave dispersion in the 1st electrocardiogram; DISP P2: P-wave dispersion in 
the 2nd electrocardiogram; AAT1: atrial activation time in the 1st electrocardiogram; AAT2: atrial activation time in the 2nd electrocardiogram.

Studying the P-wave parameters in the 42 patients who met 
the inclusion criteria, we observed the following: 

P-wave duration
Based on literature data on patients without CD, the 

increase in P-wave duration (above 125 ms) is associated 
with higher morbidity and mortality, in addition to a higher 
incidence of AF.13,14,16-18,27 In our study, however, P-wave 
duration measurements were not statistically different 
between patients with AF and those without the arrhythmia 
(p = 0.503), both in the first and second ECGs. This 

agrees with the data by Censi et al.,19 who observed that 
although P-wave duration increased in individuals with 
new arrhythmias after cardioversion, this increase was not 
statistically significant.

P-wave dispersion
Increased P-wave dispersion in non-chagasic patients has 

been shown to predict the onset and recurrence of AF, with 
borderline values ranging from 40 to 58 ms.21-24 In our study, 
mean P-wave dispersion values were around 20ms, both 
in the first and second ECG, in patients with or without AF.  
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Figure 1 – P-wave graph. AF: atrial fibrillation; ECG: electrocardiogram.
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Figure 2 – P-wave dispersion graph. AF: atrial fibrillation; ECG: electrocardiogram.
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Figure 3 – Atrial Activation Time (AAT) graph. AF: atrial fibrillation; ECG: 
electrocardiogram.
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Figure 4 – PR interval graph. AF: atrial fibrillation; ECG: electrocardiogram.
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Figure 5 – P/PRi graph. AF: atrial fibrillation; ECG: electrocardiogram.
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No significant difference was found between the groups. This was 
probably because P-wave duration was less than 110 ms, with 
no left atrial overload, which would not increase the dispersion.

Atrial activation time
Few data are available in the literature regarding the 

relationship between AAT and occurrence of AF. The level 
suggested by the literature ranges from 49.5 to 68.5 ms, above 
which the incidence of AF would be higher. In our study, these 
results were around 50 ms in both the first and second traces. 
However, they were not statistically different between the two 
groups, probably due to the absence of a significant increase 
in the P-wave in both ECGs.13,14,26,27

PR interval duration
An elevated duration of the PR interval is part of the 

Framingham score for predicting AF. The higher the PR, the 
greater the possibility of developing AF with no well-defined 
cutoff point. In our study, PR was maintained below 200 ms 
in all groups, with no difference between patients with or 
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without AF, and in the first and second ECG.28-30 However, 
there was an increase in the PR interval between one ECG 
and another, even without atrioventricular block. However, 
this result did not reach statistical significance.

P/PRi Ratio
The relationship between the P-wave and PR interval (P/

PRi) has been shown to be a predictor of AF occurrence, 
especially at levels above 0.69.31,32 In our study, in the first ECG, 
P/PRi values were below 0.69, and there was no significant 
difference between patients with and without AF. In the second 
plot, mean P/PRi was significantly lower (p=0.03) among AF 
patients. Our data, therefore, differ from those in the literature. 
This was probably due to the lower P values in the group with 
arrhythmia, even though these were not significant. Another 
observation is that the PR interval increased between the 
first and second ECG in both groups, which may justify the 
discordant findings.

Additional comments
In our study, due to the small sample size and lower severity 

of our patients, we were able to demonstrate that P/PRi was 
just a possible predictor of AF, with an inverse relationship 
between P/PRi values and the occurrence of paroxysmal 
AF. However, the preliminary data suggest the importance 
of P-wave analysis in patients with CD, especially the P/PRi 
index, to predict possible AF, with the need for more frequent 
evaluations, aiming at early anticoagulation to prevent 
embolic events. Perhaps because our sample was composed 
of several patients without heart disease in the first evaluation, 
these measures, except for P/PRi, could not be predictors of 
paroxysmal AF. 

The predominance of older patients in the group with AF 
may have been a confounding factor. However, this finding 
is in keeping with the literature on patients without CD, who 
present a higher incidence of AF with age.

Measurement techniques have not been standardized in 
the literature. The studies are limited due to their relatively 
small sample size, limited follow-up time, and several other 
confounding factors. No prospective study has been carried 
out to identify normal reference values in large populations. 
Population-based cohort studies are needed to evaluate the 
actual usefulness of electrocardiographic measurements of the 
P-wave and PR interval to predict not only AF but also other 
events such as CVA, heart failure, and even global mortality.

P rospec t i ve  s tud ies  ana lyz ing  the  long - te rm 
electrocardiographic evolution, together with the study of atrial 
function by echocardiography, could show us the importance 
of the behavior of the P-wave in the appearance of AF and also 
in CD, allowing better follow-up of these patients.

Limitations
This is a retrospective study with a small number of 

patients, mostly without heart disease on the first ECG. 
Notably, few conclusions can be drawn even after a long 
follow-up time (approximately 20 years), highlighting the 
need for long follow-up periods in CD. Due to the small 
number of patients, it was not possible to differentiate 
the behavior of the P-wave between the indeterminate 
and cardiac forms of CD. Prospective studies with a larger 
population are needed. 

Conclusion
In our study on patients with CD, only the relationship 

between the P-wave and the PR interval (P/PRi) was shown 
to predict the onset of paroxysmal AF, with statistical 
significance, with lower values predicting the occurrence 
of this arrhythmia.
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