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Abstract 

Background: Functional and structural atrial changes contribute to AF. It decreases conduction velocity and 
forms intra atrial blocks. In the ECG those changes are manifested by the duration and morphology of the P 
wave.  Material and methods: The study group consisted of 50 patients with atrial fibrillation. There were 27 
women and 23 men, aged 65.3 +/- 9.8 years. 22 patients had paroxysmal AF and 28 had persistent AF, in the 
latter direct current cardio version was performed. Results: In patients with a prolonged episodes of atrial fi-
brillation the P wave duration was longer in comparison to patients with sinus rhythm (187.1 +/- 31.5 vs 161.1 
+/- 18.8 ms; p = 0.006). There were significant differences in P wave duration among the patients with normal 
and abnormal interatrial conduction, with the longest duration in complete Bachmann's bundle block group 
(152.7 +/- 17.5 vs 165.3 +/- 15.3 vs 207.9 +/- 27.5 ms; p < 0.001). Conclusions:  In patients with persistent atrial 
fibrillation the duration of the P wave is prolonged in comparison to paroxysmal. In the majority of patients 
prolongation of the P wave duration is dependent on different forms of conduction block. The morphological 
changes of P waves are caused by the arrhythmia rather  than left atrial hypertrophy.

Keywords:  atrial fibrillation  ·  P wave duration  ·  P wave morphology  ·  Bachmann's bundle

Citation

Mercik JS, Unkell M, Marinov M, Wolff PS, Radziejewska J, Gajek J. P wave duration and morphology in patients 
with atrial fibrillation. Eur J Transl Clin Med. 2020;3(2):22-28.
DOI: 10.31373/ejtcm/127800

TRANSPARENT
PROCESS

OPEN
ACCESS

www.ejtcm.gumed.edu.pl
https://creativecommons.org/licenses/by-sa/4.0/
https://orcid.org/0000-0002-5627-7071
https://orcid.org/0000-0003-4471-848X
https://orcid.org/0000-0002-9687-8808
https://orcid.org/0000-0002-0038-1750


23P wave duration and morphology in patients with atrial fibrillation

Introduction 

Functional and structural changes in an atrial 
muscle constitute a substrate for an atrial fibrillation 
(AF) [1]. These changes are the result of numerous di-
seases which mainly include hypertension, ischemic 
heart disease, further heart defects, and in particular 
a mitral valve disease, diabetes, myocarditis, heart fa-
ilure or, less commonly, hyperthyroidism [2]. Despite 
the fact that we consider the atria as a whole, AF is 
mainly caused by pathologies that negatively influen-
ce the left atrium. The pathophysiology of a structu-
ral damage to the atrial musculature consists mainly 
in stretching its cavities, followed by necrosis and/or 
apoptosis of cardiomyocytes and replacing them by 
connective tissue cells [3-4]. This slows down the glo-
bal conduction velocity of the activation wave, leading 
to slow conduction zones and focal conduction block, 
and contributing to the formation of re-entry circuits, 
which promote arrhythmias. The impact of the descri-
bed phenomena on the isolation of junctional areas 
between the left atrium and pulmonary veins, ultima-
tely with the formation of trigger zones in this area,  
proves to be very significant [5-6].

The structural changes described above contribute 
to the formation of arrhythmogenic foci, perpetuating 
premature beats, and to atrial rhythms. Rapid arrhyth-
mias induce local changes in the refractory period of 
the atrial muscle, which, combined with the structural 
changes, increase the possibility of re-entrant rhythms 
and leads to the persistence of AF [7]. The arrhythmic 
paroxysms contribute to further enlargement of the 
left atrium by increasing left ventricle filling pressure, 
which then leads to consecutive structural changes.

As a result of the above-described processes, in 
the electrocardiogram (ECG) we can observe changes 
in the duration and amplitude of the P wave. Slow 
conduction and an enlargement of the left atrium 
are the causes of a prolonged P wave duration [8-9]. 
The pressure overload, especially in the hypertension, 
may induce atrial muscle hypertrophy which might be 
displayed as an increased P wave amplitude (an incre-
ase in the negative deflection in lead V1) [10]. Howe-
ver, a decrease in the number of cardiomyocytes and 
an increase in the content of connective tissue in the 
heart can lead to the opposite situation: a decrease 
in the P wave amplitude. Another issue is the appe-
arance of intra- and interatrial conduction disturban-
ces in the form of a partial or a complete Bachmann’s 
bundle block. Changes in either the activation time or 
the direction of the conduction within the left atrium 
significantly affect the P wave morphology in the case 
of a complete block [11]. Assessment of the latter pa-
rameter has not been extensively reported in the lite-

rature so far. The purpose of our study is to assess the 
influence of the AF form on the duration and morpho-
logy of the P wave in the electrocardiogram.

Material and methods 

We recruited into this study patients who were tre-
ated for AF at a single cardiology department in the 
years 2012-2020. The inclusion criteria were: paroxy-
smal or persistent (including long-term persistent) AF 
and the patients’ consent. The exclusion criteria were: 
permanent form of arrhythmia, low symptomatic AF, 
lack of patients’ consent. We took detailed history re-
garding the antiarrhythmic drugs the patient was cur-
rently taking, including propafenone and amiodarone. 
Patients’ co-morbidities were noted. As the precise 
duration of an arrhythmia episode was not possible to 
establish, we included the patients with persistent AF 
lasting from 4 to 24 weeks. 

The P wave duration and its morphology were 
analyzed using the LabSystemTM Pro EP Recording Sys-
tem (Boston Scientific, Marlborough, United States), 
where the ECG tracings allowed for assessing the si-
nus P waves. The P wave duration was measured in all 
leads at paper speed of 200 mm/s and enhancement 
of 64-128. The P wave morphology was assessed in 
lead II for the presence of notches (humps) and ne-
gative phases, indicating interatrial conduction disor-
ders, known as Bachmann’s bundle incomplete and 
complete conduction block. Another parameter was 
the amplitude of the P wave. Additionally, in Bach-
mann’s bundle incomplete block the separation of the 
right and left atrium P waves peak was measured (if it 
exceeded 40 ms). In lead V1, the amplitude of positi-
ve and negative phases was also measured. To avoid 
any influence of accidental measurement inaccuracies, 
all the measurements were repeated 5 times and the 
mean value was calculated.

In patients with a persistent AF, direct current car-
dioversion was performed under general anaesthesia 
under propofol 1 mg/kg and fentanyl 50 µg administe-
red intravenously. Single shock of 300 J was successful 
in all patients.  The study was approved by the local Bio-
ethical Committee at the Wrocław Medical University.

All continuous variables were presented as a mean 
and standard deviation. Comparisons were perfor-
med with the U Mann-Whitney test for independent 
groups or Kruskal-Wallis ANOVA for multiple compa-
risons. Any dependent comparisons were performed 
using the Wilcoxon paired test. All categorical variab-
les were presented as numbers and percentages. The 
comparisons were performed with the chi-square test. 
P values < 0.05 were considered statistically significant.



24 Eur J Transl Clin Med 2020;3(2):22-28

Results

The study group consisted of 50 patients diagno-
sed with AF. There were 27 women and 23 men, aged 
65,3+/-9,8 years. There were 22 patients with paroxy-
smal AF (in sinus rhythm during examination) and 28 
patients with persistent AF, in whom the direct current 

cardioversion was performed in order to restore sinus 
rhythm. The clinical characteristics of studied patients 
were presented in Table 1.

In patients with a prolonged episode of the AF, the 
P wave duration was longer in comparison to patients 
with the sinus rhythm. The parameters and features of 
the P waves were presented in Table 2. The persistent 

AF group tended to 
have more pronoun-
ced interatrial conduc-
tion disorders but it did 
not reach statistical si-
gnificance. In patients 
with the persistent 
AF, the positive ampli-
tude in lead V1 was 
significantly higher 
than in patients with 
the paroxysmal AF. All 
other parameters did 
not vary between the 
studied patients. The 
direct comparison of 
positive and negative 
deflection in lead V1 in 
both groups according 
to AF form discrimina-
ted the borderline dif-
ference in group with 
the persistent AF (p = 
0.061).

Table 1. Clinical characteristics of studied patients

Patients with 
paroxysmal atrial 

fibrillation

Patients with 
persistent atrial 

fibrillation
P

Patients number 22 28 –

Sex 12-F 10-M 15-F 13-M 0.291

Age (years) 64.4+/-8.2 65.8+/-11.7 0.523

HT 19 24 0.458

IHD 4 9 0.312

HF 1 6 0.101

DM 5 6 0.824

CKD 3 3 0.692

Patients with 
paroxysmal atrial 

fibrillation

Patients with 
persistent atrial 

fibrillation
P

Number of patients 22 28 –

P wave duration (ms) 161.1+/-18.8 187.1+/-31.5 0.006

Number without Bachmann Bundle Block 6 4 0.799

Number incomplete Bachmann Bundle Block 11 14 0.532

Number complete Bachmann Bundle Block 5 10 0.322

Peak Separation (ms) 56.5+/-23.3 66.3+/-18.7 0.354

Amplitude II lead (mV) 0.150+/-0.161 0.109+/-0.037 0.464

Amplitude V1 lead  positive (mV) 0.055+/-0.023 0.081+/-0.037 0.005

Amplitude V1 lead  negative (mV) 0.049+/-0.021 0.061+/-0.036 0.304

Table 2. P wave parameters in the studied patients according 

to atrial fibrillation form
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The comparison of the presence of normal and abnor-
mal Bachmann’s bundle conduction did not yield any sta-
tistically significant result (16/22 vs. 24/28, p = 0.91). The 
parameters of the P waves presented according the inte-
ratrial conduction properties were presented in Table 3.

Significant differences in P wave duration were ob-
served among the patients with a normal and an ab-
normal interatrial conduction, with the longest dura-
tion in the complete Bachmann’s bundle block group. 
The differences in question inclined to be in concor-

Patients without 
Bachmann’s Bun-
dle Block N=10

Patients with incom-
plete Bachmann’s 

Bundle Block N=25

Patients with complete 
Bachmann’s Bundle 

Block N=15
P

Age (years) 59.5+/-10.0 65.1+/-11.4 68.8+/-6.3 0.102

P wave duration (ms) 152.7+/-17.5 165.3+/-15.3 207.9+/-27.5 <0.001

Amplitude II lead (mV) 0.118+/-0.031 0.144+/-0.147 0.106+/-0.065 0.563

Amplitude V1 lead positive (mV) 0.070+/-0.039 0.070+/-0.037 0.069+/-0.027 0.993

Amplitude V1 lead negative (mV) 0.054+/-0.027 0.062+/-0.035 0.046+/-0.023 0.265

dance with an increasing age of the patients, even if 
the age of the patients, nor the other parameters (du-
ration) were not statistically significant. While asses-
sing the P wave morphology, an unexpected discovery 
was made. In 7 patients the features of the P wave 
did not meet the criteria of a double humped P wave 
as typically recognized in an incomplete Bachmann’s 
block. We called them triple-humped P waves, as they 
exhibited three distinct peaks in lead II. An example of 
such morphology was presented in Figure 1. 

Figure 1. Triple humped P wave. Note the 3 peaks in P wave in lead II (present also in other leads). Paper speed 200 mm/s, magnification 64x.

Table 3. P wave parameters in all 

the studied patients according to 

interatrial conduction
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The comparison of the assessed parameters of 
the triple-humped P wave in the studied groups were 
shown in Table 4.

The mean duration of the triple-humped P waves 
from the persistent AF group emerged to be longer 
than the single-humped P wave from the paroxysmal 
AF, but the number of patients did not allow the stati-
stical analysis. 

Discussion

Our key finding is the effect of an ongoing arrhy-
thmia on the extension of the P wave duration of the 
electrocardiogram, indicating AF-induced intra-atrial 
and inter-atrial conduction disorders and, most proba-
bly, atrial enlargement. The latter phenomenon is cle-
arly associated with an increase in the left ventricular 
filling pressure and is probably dependent on the ven-
tricular rate [12]. Data on the effect of AF on the musc-
le conduction is more scarce and equivocal, though.

Due to the fact that the subgroups of patients with 
paroxysmal and persistent AF were comparable in 
terms of age, gender distribution, comorbidities, and 
antiarrhythmic treatment, which might have affected 
the duration of the P wave, it should be assumed that 
our observations are dependent only on the presen-
ce or absence of an ongoing arrhythmia [1]. This is in 
line with the clinical observation made years ago, con-
tained in the in the term “AF begets AF” created by 
Wijffels et al. [13]. The electrical cardioversion itself 
had no effect on the duration of the P wave in one 
study as the parameter was stable immediately after 
the procedure and 24 hours later [14]. 

It should be borne in mind that the precise me-
thodology for measuring the duration of the P wave 
adopted in our study is qualitatively different from the 

one that was used by other researchers [15-16]. It is 
not without reason that a few years ago we showed 
in a similar assessment the lack of P wave dispersion, 
which is related to the inaccuracy of the measurement 
[17]. In fact, this approach exactly corresponds to Bay-
es de Luna's suggestions in the paper “Diagnosis of 
interatrial Block” only from 2017 where it was expli-
citly ordered to measure the P wave from its earliest 
beginning in any lead to the latest end in any lead [18].

Another conclusion from our research is the fact 
that there is a significant relationship between the du-
ration of the P wave and the separation of the right 
and left atrium peaks in lead II. Although the differen-
ce in the duration of this separation in both groups 
of patients turned out to be statistically insignificant 
and probably resulted from the percentage of patients 
with an incomplete conduction block in the Bach-
mann’s bundle in both groups, it seems to be obvious 
that the extension of the P wave peaks is mainly due 
to the prolongation of conduction in the bundle and 
not within the atrial muscle [19].

A further learning from our work is the increase 
in the amplitude of the initial phase of the P wave in 
lead V1. This seems to reflect the known electrocar-
diographic relationship. Under normal conditions, the 
overlap of the left atrial negative phase with the right 
atrial positive phase causes a decrease in the former. 
Only a significant increase in the mass of the left atrium 
increasing the negative deflection in V1 results in the 
formation of a typical configuration – with a negative 
predominance in this lead [8]. Interestingly, our re-
sults point at another important relationship. In both 
examined groups, the positive deflection in lead V1 is 
greater than the negative deflection in this lead. It spe-
aks strongly for the possibility that among the patients 
examined by us, it is interatrial conduction disturbances 
and not hypertrophy, e.g. hypertensive hypertrophy of 

Patients with 
paroxysmal atrial fibrillation

Patients with 
persistent atrial fibrillation

Triple humped P wave (N) 1 6

P wave duration (ms) 158.3 176.6+/-13.2

Peak Separation (ms) 76 80.8+/-8.9

Amplitude II lead (mV) 0.088 0.106+/-0.026

Amplitude V1 lead positive (mV) 0.081 0.084+/-0.069

Amplitude V1 lead negative (mV) 0.056 0.060+/-0.042

Table 4. Triple humped P wave characteristics
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