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Abstract 

Background: Bachmann’s bundle plays a crucial role in the physiology of interatrial signal conduction. In the 
1970s, Bayes de Luna introduced the definition of interatrial blocks (IABs), which negatively influence atrioven-
tricular (AV) synchrony and left atrial (LA) activation. We aimed to assess the potential of LA strain technology in 
evaluating the mechanics of LA in patients with correct conduction and IABs. Additionally, we measured the pa-
rameters of regurgitation in pulmonary veins (PV), which depend on the type of interatrial conduction. Material 
and methods: The study group comprised 51 patients (26 male, 25 female) with symptomatic COVID-19 and si-
nus rhythm. Our study analyzed their medical history, electrocardiography (ECG) and echocardiography, including 
the LA strain parameters. Results: Global peak atrial longitudinal strain (PALS) depended on P-wave duration, LA 
volume, left ventricular ejection fraction (LVEF) and inferior pulmonary veins (PV) regurgitation parameters. Glo-
bal peak atrial contractile strain (PACS) statistically depends on the LVEF, LA volume and the P-wave morphology. 
Conclusions: The presence of IABs negatively influences PACS and PALS. Examining LA strain is complementary 
to accurate ECG, which may be helpful in everyday clinical practice, particularly in diagnosing heart failure with 
preserved ejection fraction (HFpEF) and as a predictor of new episodes of atrial fibrillation (AF).
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    Introduction

The activation of atria physiologically starts from the si-
nus node, then spreads across the right atrium (RA) and si-
multaneously turns to the left atrium (LA) [1]. Bachmann’s 
bundle plays a crucial role in the interatrial conduction be-
cause it is the only physiological pathway of the impulse to 
the LA [2]. The correct LA activation is directly connected 
with its correct contraction profile, i.e. mechanical func-
tion. This fact is also of great importance in the efficient 
filling of LV [3]. When the atrium contracts, some blood 
volume naturally flows back into the pulmonary veins (PV) 
without valves as they enter LA. The natural way of reduc-
ing that regurgitant flow is the activity of the circular fibers 
around the PV inlets which clench with LA contraction, thus 
reducing their diameter [4]. The other significant problem 
is the impairment of atrioventricular synchrony, which 
may result in developing heart failure (HF), usually with 
preserved ejection fraction (HFpEF) [5]. This issue touches 
mainly the LV due to the higher pressure necessary for effi-
cient filling [6]. In this regard, the most dangerous subtype 
of the IABs should be the advanced interatrial conduction 
block (A-IAB). Typically, in this case, the roof of the LA is 
blocked for the approaching impulses [7]. This means the 
impulses spread through alternative pathways that are also 
visible in the ECG recording (Figure 1-2). Our goal was to 
assess the potential of LA strain technology in evaluating 
the mechanics of the LA in patients with correct conduc-
tion and IABs. Additionally, we measured the parameters 
of PV, which depend on the type of interatrial conduction.

    Material and methods

Our study group consisted of 51 unselected patients 
(26 male, 25 female) hospitalized due to COVID-19 in the 
University Hospital in Zielona Góra. The inclusion criterion 
for the study group was the presence of sinus rhythm at the 
moment of examination. In contrast, the exclusion criteria 
were: presence of any other rhythm, valvular heart disease, 
eGFR < 30 ml/min/1.73 m2, malignant tumor, decreased 
hemoglobin level (< 11 mg/dL), autoimmune disease and 
thyroid disease. We assessed each patient’s history, labo-
ratory tests, electrocardiography (ECG) and echocardiog-
raphy. The used the Tele ECG device (Biomedical Instru-
ments Co., Ltd., Shenzhen, China) to record 12-lead ECGs 
at the paper speed of 200 mm/s, with an enhancement 
x256. Full-size vector graphics of the ECG recordings were 
used during the interpretation. The IABs were divided as 
suggested by Bayes de Luna: by the specific morphology 
of the P-wave in leads II, III and aVF (Figure 1) [8-9]. The 
first group of patients (Group 1) had ECG recordings with 

regular and positive P-waves, with < 120 ms duration or the 
amplitude > 0,1 mV [10]. Group 2 had ECGs with prolonged 
and flattened P-waves, which seems to be typical for atria 
with damaged structure e.g. due to fibrotic changes. Group 
3 had ECGs with positive/negative P-wave morphology. In 
groups 2 and 3 the duration of P-waves was > 120 ms. 

We used the Arietta 65 ultrasound system (FujiFilm Cor-
poration, Tokyo, Japan) to assess the LA volume, left ven-
tricular ejection fraction (LVEF), mitral regurgitation (MR) 
and PALS in different phases. In addition, we evaluated the 
speed and pressure of the regurgitant flow through the PV.

We conducted the study from September 2021 to 
March 2022 and it was approved by the local Bioethical 
Committee in Zielona Góra (Number 17/153/2021).

Statistical analysis

The study depicted patient characteristics through box 
and mean plots, while the relationships between variables 
were illustrated in scatter plots with regression curves and 
confidence intervals. The quantitative analysis involved 
a regression model, Pearson’s correlation coefficient, Fish-
er’s exact test and Student’s t-test for group mean compar-
isons. Additionally, relationships between variables were 
validated using the analysis of covariance. 

    Results

The baseline characteristics of the patients who quali-
fied for our study group are presented in Figure 3. Among 
most common comorbidities were: arterial hypertension  
(n = 36; 70.6%), diabetes mellitus 2 (n = 21; 41.2%), heart 
failure (n = 12; 23.5%), ischemic heart disease (n = 12; 
23.5%), paroxysmal atrial fibrillation (n = 11; 21.6%), chron-
ic obstructive pulmonary disease (n = 7; 13.7%), obesity  
(n = 5; 9.8%), asthma (n = 3; 5.9%), chronic kidney disease 
(n = 2; 3.9%).

The statistically significant data in Table 1 are divided 
into groups depending on the P-wave morphology. There 
was a statistically significant correlation between age,  
LV ejection fraction, LA volume, PALS, PACS and the P-wave 
morphology. The rest of the data and correlations are pre-
sented in Figure 4. Statistical significance exists between 
PALS and the inferior PV regurgitation flow parameters.  
LV ejection fraction and LA volume are also directly de-
pendent on PALS. 

Figure 5 shows the Scatterplot of observed PALS values 
against the predicted values based on all independent pa-
rameters that are statistically significant. The scatterplot 
indicates a sufficiently good fit of the model to the meas-
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Figure 1. ECG recordings showing different P-wave morphologies

A – normal P-wave morphology; B – prolonged P-wave; C – the full Bachmann’s bundle block reflected by positive/negative P-wave morpho-
logy. The recording was done by the means of raster graphics, with the following parameters: 60 mm/s and 20 mm/mV.
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ured values. Similarly, Figure 6 shows the PACS scatterplot, 
independently correlated with LA volume.

An analysis of covariance, which was done based on 
nominal variables and quantitative variables in the pres-
ence of confounding variables, was another approach that 
shows exciting trends. We treated PALS as a dependent 
variable, while the presence of mitral regurgitation was an 
independent variable and LVEF was the confounding value. 
The results are presented in Table 2.

Based on Table 2, we state that at the p = 0.001 level, the 
null hypothesis (no significant effect of the LVEF variable on 
the PALS variable) should be rejected. In other words, the LVEF 
variable significantly affects the PALS variable. At the signifi-
cance level of p = 0.044, the second null hypothesis (no effect 
of mitral regurgitation on PALS) should be rejected. Therefore, 
PALS depends significantly on the presence or absence of the 
mitral reverse flow, as supported by Figure 7.

Based on the presented results, we state that PALS is re-
lated to P-wave duration, LVEF and mitral reverse flow. Inter-

estingly, PACS seems to depend on the P-waves’ morphology 
(Figure 8).

Abnormal P-wave indicated the presence of an A-IAB 
(advanced interatrial conduction block) or a P-IAB (partial in-
teratrial conduction block). In the investigation of the corre-
lation between hypertension and left atrial parameters (PALS 
and PACS), two-sample t-tests were employed. For PALS, the 
test yielded a non-significant result (t = 0.39403; P-value = 
0.6955), suggesting a statistically not significant difference in 
the mean between groups with and without hypertension. 
Similarly, for PACS the t-test result (t = -0.90182; P-value = 
0.3722) supports the absence of a significant difference in 
means between the two groups. Additionally, Fisher’s exact 
test indicated a significant association between hypertension 
and interatrial block (IAB) (P-value = 0.04098, odds ratio = 
4.43, 95% CI:0.93-25.13), highlighting a statistically relevant 
relationship, suggesting that individuals with hypertension 
are approximately 4.43 times more likely to have experienced 
an interatrial block (IAB).

Figure 2. The same ECG recordings as in Figure 1 registered using fully scalable vector graphics. The accuracy of measurements is signifi-
cantly higher than in Figure 1. 

Table 1. Statistical significance of patients’ characteristics depends on the P-wave morphology

Variable
P-wave morphology

P-value
Normal Prolonged Bachmann’s 

block

P-wave duration (ms) 124.4 ± 15.2 138.5 ± 10.4 141.7 ± 19.7 0.007

Age (years) 63.8 ± 12.2 66.3 ± 14.2 73.6 ± 11.2 0.034

PALS (%) 12.5 ± 3.9 20.0 ± 12.2 19.6 ± 8.1 < 0.001

PACS (%) 16.9 ± 4.1 9.6 ± 6.0 9.3 ± 5.1 < 0.001

LVEF (%) 52.9 ± 9.6 43.4 ± 10.4 38.2 ± 10.9 < 0.001

LA volume (ml) 27 [19-31] 42 [34-45] 30 [21-45] < 0.001
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Figure. 3 The baseline characteristics of patients included in the study 

    Discussion 

The critical material of our discussion should be focused 
on the fact that speckle tracking (LA strain) technology is com-
plementary to accurate electrocardiographic assessment, 
which we proved in our research. Moreover, our results sup-
port the thesis that interatrial blocks affect interatrial synchro-
ny and influence the mechanic synchrony of LA contraction. 

Among the most critical correlations in our study, the 
parameters are directly dependent on the P-wave morphol-
ogy (Table 1). P-wave morphology and LA volume (Figure 4) 
correlated with PALS. PALS is measured in LA early diastole, 
meaning that the diastolic function is worse in case of abnor-
mal P-wave morphology. It is well-known that the structurally 
damaged atrium has poor signal conduction, resulting in al-
tered P-wave morphology and a poor diastolic function. This 
correlation corresponds to the observations made by Kosma-
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la in his research published in 2020 [11]. The authors meas-
ured PALS, PACS and LA volume index (LAVI), which turned 
out to be the most predictive parameters for AF in the future.  
It was stated that the higher risk for AF was mainly connected 
to the lower LA strain values. The study was very interesting, 
showing the potential of echocardiographic tools. Howev-
er, the authors didn’t touch on the meaning of the P-wave 
morphologies, which prompted us to conduct our research.  

Figure 4. Graphs of PALS scattering depend on the P-wave duration, LVEF, velocity and pressure in the regurgitant flow in the inferior 
pulmonary veins (Pearson’s correlation coefficients and the simple regression analysis) 

The P-wave morphology is very important in this matter, as 
Bayes de Luna stated in his definition of “Bayes Syndrome” 
[12-13]. The point was that the presence of A-IAB is a strong 
predictor for new episodes of AF in patients with heart failure. 

In our study, PALS and PACS correlated with the P-wave 
morphology, proving that the decreased atrial contraction 
is connected to the abnormal P-wave morphology. It should 
be remembered that the differences between PALS and PACS 
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Figure 5. Scatterplot of observed PALS values against the predic-
ted values

Figure 7. The graphic presentation of the results acquired from 
the analysis of covariance

Figure 6. Scatterplot of PACS values against the LA volume

Table 2. The results of an analysis of covariance for PALS

Figure 8. Correlation between PALS and the morphology of the 
P-wave regarding whether it is normal or abnormal

Effect SS df MS F P-value

  Constant 67.5 1 67.5 1.03 0.315

  EF 927.5 1 927.5 14.2 0.001

  Mitral backflow 283.0 1 283.0 4.33 0.044

  Error 2743.4 42 65.3

Df – degrees of freedom (represent the number of independent values or observations available for estimating parameters or testing hypo-
theses;  F – F-statistic (the ratio of variances used to test the hypothesis of equality among group means); MS – mean square (obtained by 
dividing the sum of squares by its corresponding degrees of freedom; p-value (indicates the probability of obtaining the observed F-statistic 
or a more extreme value if the null hypothesis is true); SS – sum of squares (represents the variability in the data)
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versus P-wave morphology was significant only between nor-
mal and abnormal P-wave morphologies, i.e. normal P-wave 
versus any IAB (Figure 8). This tendency requires further re-
search by quantitative LA regional strain. 

Watanabe was close to this idea by presenting an excit-
ing approach using the phenomenon of LA mechanic disper-
sion in his study in 2015 [14]. This term was defined as the 
SD of the time to the top of the regional strain curves. The 
measurements were corrected by RR interval. LA mechanical 
dispersion was supposed to determine the alterations in syn-
chrony of LA contraction; however, similarly to Kosmala, the 
research did not mention the morphology of the P-wave and 
did not directly measure the order of the separate LA regions’ 
contraction. This combined, complicated approach remains 
an open question for future research.

One of our aims was to examine the correlation between 
LA functional parameters and the parameters of PV regur-
gitant flow. Figure 4 shows there was a strong statistical de-
pendence between PALS and the velocity and pressure in the 
inferior PV. Unfortunately, we haven’t found any literature 
touching this problem, which makes our findings novel in this 
field and requires more detailed research. There was also an-
other potential relation, which we had to analyze to remain as 
objective as possible: the connection between mitral regurgi-
tation and the regurgitant flow in PV. It turned out there was 
no significant correlation between these two variables. We 
found more elaborate explanations for this fact in research 
published by Mark et al. [15]. The authors stated: “(…) it is 
unlikely that mitral regurgitation jet direction per se causes 
predictable and selective unilateral alteration in pulmonary 
vein flow patterns.”

Focusing on PALS and PACS, we also defined the inde-
pendent factors influencing these parameters. For example, 
as presented in Figure 5, PALS directly depends on LVEF and 
P-wave duration, with a sufficiently good coefficient R2. When 
it comes to the analysis of covariance, it turned out that the 
presence of mitral regurgitation also correlated with PALS in-
dependently. In his study, Stassen found that PALS was asso-
ciated with the severity of mitral regurgitation, which directly 
supports our findings [16]. The authors focused on patients 
with more than mild (grade ≥ 2) secondary MR. 

PACS was also dependent on the LVEF and the other sig-
nificant parameter was LA volume with a sufficiently good co-
efficient R2. Most of the publications focus on the relationship 
between PALS and LV diastolic dysfunction in terms of HFpEF, 
which has been growing very popular. [17-19]. The reason for 
that is the assessment of LA enlargement, which is one of the 
diagnostic criteria in the definition of HF and LA strain turns 
out to be a promising new tool [20]. This means the discussion 
about PACS’s meaning in patients with HFpEF and HFrEF is still 
open and requires more attention. 

The IABs

To understand the complete perspective, we should dis-
cuss the phenomenon of interatrial blocks. Bayes de Luna first 
described and introduced the definition of interatrial blocks 
(IABs) in his research in 1979 [7-8]. The slowdown of the signal 
characterizes the partial block (P-IAB) of the Bachmann’s bun-
dle spread through the roof of the left atrium. It is problematic 
because the atria are physiologically connected by the Bach-
mann’s bundle, which blends in with the muscular tissue of LA 
in the region of the LA roof [21-22]. This kind of block is ob-
served in ECG as a prolonged, often double-peaked P-wave [23].  
The peaks depict the activation of RA and LA, respective-
ly, which means there is a delay between these activations.  
It is also common that the P-wave is flat in the case of P-IAB. 
The reasons for the low amplitude of the P-wave in P-IAB 
are the structural damage of atrial muscular tissue or the 
presence of additional activation connected with many elec-
tric currents spreading across LA. The multiple currents act 
against each other, resulting in a flat resultant of the P-wave 
[24]. The optional breakthrough spot between LA and RA may 
be located in the foramen ovale or the coronary sinus [25]. 

In the case of A-IAB, the roof of LA is blocked, which 
means that the impulses spread anteriorly and inferiorly 
around the blocked roof. This activation profile is followed by 
the caudocranial activation of the LA roof and the area be-
tween PV [26]. In ECG, this phenomenon is reflected by pos-
itive/negative P-wave morphology. The positive component 
reflects the contraction of RA, while the negative part depicts 
the caudocranial activation of LA. 

Interestingly, the optional, pathologic ways of conduction 
may be present in both P-IAB and A-IAB. An argument sup-
porting this statement is the fact that only normal vs. abnor-
mal P-wave morphology was statistically significant regarding 
LA contraction strain. The subtypes of IAB aren’t statistically 
significant between each other in this regard, according to the 
results of our research. The only important factor for PACS 
was the existence of any IAB (Figure 8). This fact requires fur-
ther examination with an assessment of LA regional strain. 

Clinical implications 

Our findings may be clinically applied in improved diag-
nostics of the new onsets of AFP in the future. The decreased 
LA strain in connection with abnormal P-wave morphology is 
evidence of asynchronous LA contraction, which increases the 
likelihood of AF in the future. Also, the decreased function of 
LA may be a component of HFpEF development and diagnosis. 
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Study limitations

Among significant study limitations, we enumerate a rel-
atively small study group and the lack of other literature that 
could serve as a reference or a comparison. The acquired  
values were difficult to interpret or discuss without addition-
al scientific support. This fact, however, makes our study one 
of the first to discuss this topic. The other limitation was the 
presence of acute COVID-19, the main comorbidity among 
patients in our study. We are unaware of how it influenced 
the results. Some publications indicate that COVID-19 per se 
could negatively affect the conduction and development of 
IABs [27]. It also means that the infection could have a nega-
tive impact on LA strain values. In future research, we plan to 
confront these findings with patients without COVID-19. 

    Conclusions

The presence of IABs influences PACS and PALS negatively, 
i.e., the mechanic function of LA is decreased. PALS statistical-
ly correlates with the P-wave duration, LVEF, LA volume and 
mitral regurgitation. At the same time, PACS is statistically de-
pendent on the LVEF, LA volume and the P-wave morphology. 
Examining LA strain is complementary to an accurate ECG in-
terpretation, which may be helpful in everyday clinical prac-
tice.
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