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Abstract

Background: To evaluate the possibility of left atrial (LA) remodeling using speckle tracking echocardiography (STE)
in patients with interatrial block (IAB).

Methods: We performed a cross-sectional study with three groups of patients: 56 without IAB, 21 with partial IAB
(pIAB), and 22 with advanced IAB (aIAB). Transthoracic echocardiographic (TTE) STE was performed and clinical and
echocardiographic findings were analyzed.

Results: TTE showed higher LA volume/body surface area in the patients with IAB. With STE, the absolute value of strain
rate during atrial booster pump function (SRa) and early reservoir period (SRs) decreased in the pIAB group and even
more in the aIAB group, compared to the group without IAB. The independent variables were the echocardiographic
measures of LA size and function. After adjusting for confounders, both multiple linear regression and multivariate multinomial
regression showed good correlation with dependent variables: longer P-wave duration on electrocardiography and with the
type of IAB, respectively. SRa (p< 0.001), SRs (p < 0.001), and maximal peak LA longitudinal strain in the reservoir period (p= 0.
009) were independently associated with P-wave duration. SRa was also associated with the presence of pIAB (OR= 11.5; 95%
confidence interval (CI): 2.7–49.0; p= 0.001) and aIAB, (OR = 98.2; 95% CI: 16–120.4; p < 0.001) and SRs was associated with pIAB
(OR: 0.03; CI: 0.003–0.29; p= 0.003) and with aIAB (OR: 0.008; CI: 0.001–0.12; p= 0.004).

Conclusions: IAB correlates directly with structural remodeling and a decrease in the absolute value of LA SRa and SRs
determined using STE.
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Background
Interatrial block (IAB) is an electrical abnormality due
to delayed conduction in the Bachmann’s bundle region
between the two atria. There are two types of IAB,
partial (pIAB) and advanced (aIAB) [1]. In the pIAB,
the stimulus is delayed but can cross the septum via the
Bachmann’s bundle [2, 3]. Advanced IAB is produced
when electrical stimulus conduction is totally blocked
in that region; the activation of the left atrium (LA) is
then from the right atrium in the caudo-cranial

retrograde direction. The pIAB is characterized by a P-
wave duration ≥120 milliseconds (ms) on a 12-lead
electrocardiogram (ECG) (Fig. 1a) [2, 3]. The diagnosis of
aIAB is made by a P-wave duration ≥120 ms and a
biphasic or +/− morphology of the P-wave in leads II, III,
and aVF of the ECG (Fig. 1b) [2, 3]. Interatrial block is a
marker of electromechanical dysfunction of the LA [4]
and a substrate for the development of supraventricular
arrhythmias in different scenarios [5, 6], mainly atrial
fibrillation (AF), which occurs in a condition referred to as
Bayés’ Syndrome [7]. Currently, a multicenter registry is
tracking these cases to demonstrate this assumption [8].
Several authors have studied alterations in LA wall

deformity using speckle tracking echocardiography
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(STE). Patients undergoing STE before ablation of par-
oxysmal AF (PAF) have shown reduced LA function [9].
Additionally, decreased peak longitudinal strain rate
(SR) during the early reservoir period (SRs) of the LA is
related to AF recurrence after electrical cardioversion
[10]. In addition, decreased peak longitudinal SR during
the period of atrial booster pump function (SRa) of the
LA is a predictor of new-onset AF [11].
Changes in atrial function and remodeling and their

predisposition to present with new-onset AF [12] have
been observed using transthoracic echocardiography
(TTE) in patients with IAB [2]. However, to date, no
studies have described possible alterations in the LA wall
using STE. Our hypothesis was that LA remodeling and
altered period function could be observed in patients
with IAB in sinus rhythm without a history of supraven-
tricular arrhythmias. Our objective was to determine
whether there is an association between IAB and atrial
remodeling, with possible alterations in the deformation
and functionality of the LA wall, determined using STE.

Methods
Study design
We performed a single-cross-sectional study, with pro-
spective and consecutive recruitment of three groups of
patients: one group with pIAB, another with aIAB,
according to the ECG definition indicated above [2, 3],
and a third group without IAB in sinus rhythm (patients
with no IAB). Patients with a history of supraventricular
arrhythmia verified from their hospital admission,
emergency records, or long duration ECG-Holter moni-
toring were excluded. The study included outpatients
aged > 60 years undergoing ECG at our center pro-
spectively between January and May 2016, during the
preoperative general surgery assessment. At the same
visit, all patients underwent two-dimensional (2D)-
Doppler TTE with STE. This study was reviewed and
approved by the Clinical Research Ethics Committee of
the University Hospital of the Canary Islands (Canary
Islands, Tenerife, Spain). Written informed consent was
obtained from all patients.

Fig. 1 Comparison of ECG and speckle tracking echocardiography of a normal subject and another with advanced interatrial block. ECG (a) and
left atrial (LA) strain rate (SR) echocardiography (c) in normal subjects, with normal SR of LA contraction (blue arrow) and reservoir (red arrow)
phases. ECG with advanced interatrial block (b); red arrows show biphasic or +/− P wave morphology and with decreased SR of LA contraction
(white arrow) and reservoir (yellow arrow) phases (d)
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Electrocardiogram
A 12-lead ECG was performed according to established
standards [13]. One experienced operator blinded to the
TTE and STE data analyzed the ECGs. The P-wave was
measured in the frontal plane leads recorded at the same
time, with a digitized ECG using GeoGebra 4.2 software.
The ECG image was amplified up to 20 times its original
size to define the interval between the earliest and the latest
detection of atrial depolarization, defined as a positive or
negative deflection, respectively, that deviates from the
baseline before the QRS complex. The software allowed us
to manually draw lines on the ECG and measure the dis-
tance between two points, which was then converted to ms.
Participants were categorized into three groups of interest,
according to the previously given ECG description.

Echocardiographic studies
Echocardiograms were digitally stored and analyzed by
two experienced operators blinded to the clinical ECG
data, using a commercial system (iE33 xMATRIX,
Koninklijke Philips NV, Eindhoven, The Netherlands)
with a 2–4 MHz multifrequency transducer. Three
consecutive beats were recorded during apnea in a cine-
loop format. The analysis was performed using an echo-
cardiographic analysis system (Xcelera R2, Philips). Left
atrial and left ventricular (LV) measurements, and LV
ejection fraction and Doppler variables to quantify LV
diastolic function were measured according to standard
echocardiographic methods [14, 15]. The LA area was
traced in both the apical four- and two-chamber views
in the “frame” prior to the mitral valve opening (MVO),
using the bi-plane disk summation algorithm to calcu-
late its volume, similar to that used to measure LV
volume, adjusted for body surface area (BSA) [14]. The
percentage of atrial systolic contribution to total mitral
flow (ASCTMF) was determined as a percentage of the
integral wave A velocity-time, with respect to the total
area of the diastolic velocity-time curve [16].
For the STE of the LA, standard 2D images from

apical 4- and 2-chambers views were acquired, with a
narrow sector angle (30°–60°) and a frame-rate of 60–90
frames per second [17]. The LA endocardial border was
manually traced in both 4- and 2-chamber views using
the point-and-click technique, marking two points at
both ends of the mitral annulus and a third at the ceiling
of the LA, in end systole. The surface epicardial tracing
is automatically generated by the system and can be
adjusted manually by the operator in cases of tracking
failure. Any segments that subsequently failed to track
were excluded. The LA myocardium was divided into 12
segments of interest for analysis [17] and longitudinal
strain and SR were measured automatically “offline,”
using the QLAB Advanced Tissue Motion Quantifica-
tion (Philips) Release 8.1, equipped with STE analysis

software. Global longitudinal strain and SR were the
averages of the 12 values obtained for each LA segment.
Since the primary variable of interest was the contractile
function of the LA, the beginning of the cycle was
arbitrarily chosen as the beginning of the P-wave of the
ECG [18, 19].
The periods of the cardiac cycle were determined after

obtaining the LA longitudinal strain/SR (Fig. 2), aligning
them with the pulsed Doppler spectrum of the LV inflow
and outflow tracts, starting at the ECG P-wave. The
atrial contraction period (CT) was defined as A-wave
duration, the LA reservoir period (R) as the interval
between mitral valve closure (MVC) and MVO, and the
LA conduit period (CD) as the interval between MVO
and the onset of the A-wave. Maximum values of longi-
tudinal strain/SR were measured during the LA CT, R,
and CD periods [18–20]. In our study, the following
parameters of strain and SR were determined (Fig. 2):
(1) peak strain point 1, peak strain point 2, and peak SR
point 2′ (SRa), during the CT period, (2) in the LA R
period the peak strain point 4 or maximal peak LA
longitudinal strain (εs LAmax), and peak SR point 4′
(SRs) on early reservoir period (ER), (3) finally, in the
CD period, peak strain point 6 and peak SR point 6′
during LV early filling (EF), and peak strain point 7
during diastasis (D).

Other covariates
Sociodemographic variables and the presence of comor-
bidities and pharmacological treatments were recorded.

Fig. 2 Normal strain and strain rate echocardiography curves in normal
subjects. Atrial periods: CD = conduit period; CT = contraction period;
R = reservoir period
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Statistical analysis
Continuous variables were reported as means and stand-
ard deviations or as medians and interquartile ranges
according to the nature of the variables (determined
using the Shapiro-Wilk test). Categorical variables were
reported as frequencies and percentages. Comparisons
of continuous variables between groups were carried out
using the one-way ANOVA test. Variables that were not
normally distributed were compared using the Kruskal-
Wallis test. Comparisons between groups for categorical
variables were carried out with the chi-square test. Cor-
relations were obtained using the Spearman rank test.
Multivariate linear regression analysis adjusted for po-
tential confounders was performed, the dependent
variable being P-wave duration and the independent
variables being various measures of LA function. To
compare the magnitude of these associations, the stan-
dardized regression coefficient (b) was calculated. We
also used the multinomial logistic regression model, with
the dependent variable taking three values (“pIAB,”
“aIAB,” and “patients with no IAB”). The independent
variables were the echocardiographic measures of LA
size and function. Both the linear and logistic regression
models were adjusted for potential confounders, includ-
ing those variables that proved significant on univariate
analysis: age, gender, arterial hypertension, diabetes mel-
litus, maximal LA volume indexed to body surface area
(LAVImax) (mL/m2), and ASCTMF. Odds ratio (OR)
and 95% confidence intervals (CIs) were calculated as
measures of the clinical impact of the predictor vari-
ables. Overall differences between models were tested by
calculating overall differences in log-likelihood chi-square
analysis between models. The ability of the multivariate
logistic model to correlate with the presence or absence of

IAB was verified using receiver operating characteristic
(ROC) curves. The overall accuracy, sensitivity, specificity,
and positive and negative predictive values for the optimal
cut-off were calculated using the Youden index. Intra- and
inter-observer variability was assessed using Bland-
Altman analysis. A two-tailed P value of < 0.05 was con-
sidered to indicate statistical significance. All statistical
analyses were performed using SPSS for Windows, version
23 (SPSS Inc., Chicago, IL, USA).

Results
Of 105 patients initially included, four were excluded due
to AF and two because of poor-quality TTE images. The
final sample consisted of 99 patients: 21 with pIAB, 22 with
aIAB, and 56 were patients with no IAB. ECGs were ana-
lyzed by one observer with low intra-observer variability
(mean 0.6%; 95% CI 0.3–0.9%). The STE was analyzed in
95% of the acquired segments. Bland-Altman analysis
showed good intra- and inter-observer agreement with a
non-significant bias. Intra-observer variabilities were mean
change 1.20% (95% CI, 1.10–1.31%) for LA global longitu-
dinal strain and 1.36% (95% CI, 1.12–1.51%) for LA global
longitudinal SR, and inter-observer variabilities were 1.32%
(95% CI, 1.15–1.62%) and 1.6% (95% CI, 1.25–1.92%),
respectively. Clinical and TTE characteristics of the patients
included in this study are shown in Table 1 and
Additional file 1: Table S1. Patients with aIAB were older
and had a higher prevalence of diabetes. On TTE, patients
with aIAB and pIAB had larger LAVImax compared to the
patients with no IAB; Doppler echocardiography showed
that the ASCTMF decreased and the E wave to A wave (E/
A) ratio increased in the group of patients with pIAB and
even more in the group with aIAB, compared to the
patients with no IAB group. The values of strain and SR

Table 1 Clinical and Doppler-echocardiographic characteristics

Variable No aIAB (c)
(n = 56)

bpIAB (p)
(n = 21)

caIAB (a)
(n = 22)

p
ANOVA

p
Post Hoc

Age, years 72.2 ± 8.0 69.7 ± 9.9 77.0 ± 7.6 0.014 p vs. a = 0.013

Men, n (%) 32 (57) 14 (67) 11 (50) 0.54

Duration of P wave on ECG (ms) 108 (100–115) 127.5 (123–135.3) 139 (132–149.3) < 0.001 c vs. p < 0.001

c vs. a < 0.001

p vs. a < 0.001

Hypertension, n (%) 37 (66) 17 (81) 19 (86) 0.09

Diabetes mellitus, n (%) 16 (29) 9 (43) 14 (64) 0.011
dLAVImax 25.6 (21.4–30.3) 33.5 (27.2–45.1) 35.2 (27.1–42.6) < 0.001 c vs. p < 0.001

c vs. a < 0.001
eE/A ratio 0.74 (0.66–0.87) 0.96 (0.79–1.3) 1.1 (0.85–1.3) < 0.001 c vs. p = 0.011

c vs. a < 0.001
fASCTMF (%) 47 ± 37 44 ± 10 39 ± 10 0.006 c vs. a = 0.004

Clinical and Doppler-echocardiographic characteristics of the sample. Values are presented as mean ± SD or median (interquartile range). aIAB interatrial block,
bpIAB partial interatrial block, caIAB advanced interatrial block, dLAVImax Maximal left atrial volume indexed to body surface area (mL/m2), eE/A ratio E wave to A
wave ratio, a measure of the function of the left ventricle, fASCTMF atrial systolic contribution to total mitral flow
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are shown in Table 2, with significant differences between
the groups. We observed that the greater the degree of
IAB, the lower the absolute values of LA wall deformation
during the CT and R period of LA.
Table 3 shows the standardized regression coefficients

of the unadjusted simple linear regression model and the
adjusted multiple linear regression model for potential
confounders’ variables. The variables that showed the
strongest associations with P-wave duration were LAVI-
max (direct association) and ASCTMF, εs LAmax, abso-
lute SRa, and SRs (inverse associations). With these
variables, we performed a backward stepwise analysis
adjusting for age, gender, arterial hypertension, diabetes
mellitus, LAVImax, and ASCTMF. The sample size
allowed supporting all covariates from the linear model.
In the first model, the SRs was associated with P-wave
duration (standardized β − 0.345, p = 0.004). In the sec-
ond model, LAVImax (standardized β 0.269, p = 0.013)
and SRa (standardized β 0.420, p < 0.001) remained
associated. In the third model, LAVImax (standardized β
0.319, p = 0.004) and εs LAmax (standardized β − 0.290,
p = 0.008) remained associated.
Table 4 shows the variables significantly associated

with both types of IAB after univariate multinomial
regression analysis. Several multinomial logistic sub-
models were constructed to avoid saturation and collin-
earity (Additional file 2: Table S2) of the regression
model. The reference model comprised age and diabetes
mellitus, which were included in successive models with
the following variables introduced one by one: LAVImax,
ASCTMF, εs LAmax, SRa, and SRs (Table 5). Comparing
the overall differences between five nested models, the
models which included LAVImax and SRa proved statis-
tically superior to the others (Fig. 3). The results of the
linear and logistic models are similar, suggesting in a

robust way the association between P-wave of ECG dur-
ation or type of IAB and the mean peak of SRa and SRs.
According to the ROC curve analysis (Fig. 4), the best
cut-off that identified patients with IAB versus patients
with no IAB was absolute SRa ≤ − 1.20 S− 1 (AUC 0.85,
CI 0.77–0.93, p < 0.001), with a sensitivity of 70% (CI:
54.6–81.9) and specificity of 78% (CI: 64.8–87.2). On
grouping the total sample of SRa by tertiles and observ-
ing the distribution, according to the presence or
absence of IAB, a linear trend was demonstrated, such
that the lower the absolute value of SRa, the greater the
number of patients with IAB (Mantel Haenszel Test for
tendencies p < 0.001) (Additional file 3: Table S3).

Discussion
Our main finding was that a longer duration of the P-
wave in the ECG, belonging to the group of patients with
pIAB and aIAB, correlated directly with the increase in
LAVImax on 2D echocardiogram (2DE) and inversely
with the decrease in the absolute value of LA SRa and SRs
on STE (Fig. 1d). To our knowledge, our study is the first
to describe LA wall deformation alterations determined
using STE in patients with IAB. The SRa was especially
useful for correlation with the presence or absence of IAB.
This indicates the reliable correlation between ECG and
STE in patients with IAB.
Several studies using TTE have shown increased LA

size and slow and poor contractility in patients with IAB
[3, 4, 12]. Similar findings were observed in our patients
with IAB, in relation to the LA volume increase, espe-
cially in those with aIAB, where ASCTMF was signifi-
cantly decreased compared to in patients with no IAB.
Although IAB and enlarged LA share a similar ECG
pattern, a recent study has indicated that they are inde-
pendent entities [3].

Table 2 Atrial strain and strain rate characteristics

Variable No aIAB (c)
(n = 56)

bpIAB (p)
(n = 21)

caIAB (a)
(n = 22)

p
ANOVA

p
Post Hoc

dε peak eLAc, (%) − 2.8 (− 3.4 – − 2.1) −2.9 (− 4.1 – − 1.9) −1.9 (− 2.5 – − 0.68) 0.003 c vs. a < 0.001

p vs. a = 0.011
fεs LAmax, (%) 18.0 ± 5.5 15.1 ± 3.0 12.7 ± 4.0 < 0.001 c vs. p = 0.020

c vs. a < 0.001
gSRa, S− 1 −2.12 ± 0.57 − 1.20 ± 0.39 − 0.82 ± 0.26 < 0.001 c vs. p < 0.001

c vs. a = 0.027

p vs. a = 0.004
hSRs, S− 1 1.71 ± 0.27 0.99 ± 0.34 0.62 ± 0.25 < 0.001 c vs. p = 0.003

c vs. a < 0.001
iSREF, S− 1 − 0.99 ± 0.57 − 0.94 ± 0.48 − 0.58 ± 0.22 0.009 c vs. p 0.003

c vs. a < 0.001

Atrial strain and strain rate echocardiographic characteristics of the sample. Values are presented as mean ± SD or median (interquartile range). aIAB interatrial block,
bpIAB partial interatrial block, caIAB advanced interatrial block, dε strain, eLAc left atrial contraction, fεs LAmax strain in LA reservoir phase, gSRa strain rate in LA booster
pump function phase, hSRs strain rate in LA reservoir phase, iSREF strain rate LA in early ventricular filling phase
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The European Association of Cardiovascular Imaging/
European Heart Rhythm Association Expert Consensus
for the evaluation of patients with AF indicates that, in
this context, measuring LA strain using STE is very
promising [21], even in patients with permanent AF
[16]. Sun et al. analyzed the effect of aging on the strain
of the LA using 2DE STE, noting that, as age increases,

the absolute value of SRa increases, regardless of gender.
This is due to coupling between LA CT and decreased
diastolic function with older age [20]. In our series, pa-
tients with aIAB were older than the subjects in the other
two groups, despite the fact that their absolute SRa values
were pathologically diminished (Tables 1 and 2), probably
due to age-related atrial fibrosis [22]. However, not only
age must be considered, because the regression analyses
adjusted for this and the other confounding variables
showed correlations with both types of IAB. In addition,
absolute values of SRa showed a linear decrease in the
groups of patients with pIAB and aIAB.
Speckle tracking echocardiography findings of LA

deformation similar to ours have been reported in patients
with permanent or PAF [16]. Hirose T et al. reported that
subjects who develop new-onset non-valvular AF have
lower absolute values of SRa and SRs than those who do
not [11]. Other authors have evaluated the role of LA
deformation imaging as a predictor of a successful second
cardiac ablation in PAF, noting that strain and SR during
the CT and R periods of the LA were significantly lower in
the second cardiac ablation group compared to healthy
volunteers and patients undergoing first cardiac ablation
without AF recurrence (p < 0.001, for all) [23]. It has also
been shown that a decrease in the LA global longitudinal
strain is an independent predictor of the progression of
PAF towards persistent or permanent AF [24].
Atrial fibrosis can be visualized and quantified using car-

diac magnetic resonance imaging (CMR) with late gadolin-
ium enhancement (LGE), but it can also manifest as atrial
enlargement, decrease in deformation during CT and R
periods, determined using LA 2DE STE, even before the
occurrence of atrial dilation, as well as higher daily AF load
[25]. All these findings have been associated with stroke in
patients with AF [26]. One possible application of deter-
mining atrial strain could be to predict the risk of AF. This
has recently been demonstrated by Mahnkopf et al., who
assessed LA fibrosis with LGE-CMR and atrial function
using STE before cardiac ablation, creating the Utah classi-
fication. They correlated AF recurrence directly with
decreased εs LAmax and the highest degree of atrial fibrosis
on LGE-CMR [27]. Therefore, the STE 2DE finding of
decreased LA deformation in our patients with IAB is iden-
tical to that predicting AF in patients with no IAB [2, 22].
Given the direct relationship between decreased deform-
ation and LA fibrosis in PAF, this same relationship could
exist between decreased deformation and LA fibrosis in our
patients with IAB. The latter, associated with the LA
enlargement in the patients with IAB, would indicate that
these patients present the two factors that define atrial
structural remodeling [28]. The Expert Consensus on Atrial
Cardiomyopathy proposed the following as a working
definition of this: “any complex of structural, architectural,
contractile, or electrophysiological changes affecting the

Table 3 Unadjusted and adjusted standardized linear regression
coefficients

Unadjusted simple
regression

Adjusted multiple
regressiona

Variable b Coefficient
Standardized

P b Coefficient
Standardized

P

Age 0.220 0.029

Gender 0.003 0.97

Hypertension 0.181 0.07

Diabetes mellitus 0.227 0.03
bLAVImax
(mL/m2)

0.353 < 0.001 0.347 < 0.001

cASCTMF −0.276 0.012 −0.227 0.039
dε onset e

LAc, (%)
−0.347 < 0.001 − 0.184 0.07

ε peak
LAc, (%)

0.152 0.14 0.088 0.40

fεs LAmax, % −0.423 < 0.001 − 0.263 0.009
gSRa, S−1 0.520 < 0.001 0.369 < 0.001
hSRs, S− 1 −0.437 < 0.001 −0.296 < 0.001
iSREF, S− 1 0.249 0.018 0.161 0.12

Unadjusted and adjusted multiple standardized linear regression coefficientsa:
adjustment for variables age, gender, hypertension, diabetes mellitus,
LAVImax, and ASCTMF. bLAVImax Maximal left atrial volume indexed to body
surface area (mL/m2), cASCTMF atrial systolic contribution to total mitral flow,
dε strain, eLAc left atrial contraction, fεs LAmax strain in LA reservoir phase,
gSRa strain rate in LA booster pump function phase, hSRs strain rate in LA
reservoir phase, iSREF strain rate LA in early ventricular filling phase

Table 4 Multinomial univariate analysis results
apIAB baIAB

Variablec dOR 95% eCI P OR 95% CI P

Age 0.96 0.91–1.02 0.25 1.1 1.021–1.15 0.026

Gender 0.67 0.23–1.91 0.45 1.3 0.50–3.60 0.57

Hypertension 2.10 0.61–7.04 0.25 4.62 0.97–22.04 0.06

Diabetes mellitus 1.83 0.64–5.18 0.26 4.87 1.66–14.32 0.004
fLAVImax(mL/m2) 1.11 1.05–1.17 < 0.001 1.08 1.03–1.14 0.004
gASCTMF 0.018 0.01–12.7 0.04 0.01 0.001–0.03 0.02
hεs LAmax, % 0.90 0.78–0.99 0.04 0.76 0.65–0.88 < 0.001
iSRa, S−1 8.03 2.16–29.9 < 0.001 16.5 5.94–46.2 < 0.001
jSRs, S−1 0.04 0.04–0.31 < 0.001 0.009 0.001–0.1 < 0.001
apIAB partial interatrial block, baIAB advanced interatrial block, cVariable normal
ECG group taken as reference category. dOR odds ratio, eCI confidence interval,
fLAVImax Maximal left atrial volume indexed to body surface area (mL/m2),
gASCTMF atrial systolic contribution to total mitral flow, hεs LAmax strain in LA
reservoir phase, iSRa strain rate in LA booster pump function phase, jSRs strain
rate in LA reservoir phase
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atria with the potential to produce clinically-relevant mani-
festations.” It could, therefore, be considered that the con-
tractile alterations of the LA wall and the occurrence of
supraventricular arrhythmias in patients with IAB would be
a form of atrial cardiomyopathy [28]. The atrial myopathy
hypothesis proposes that atrial fibrosis increases the risk of
thromboembolism independently of atrial rhythm [29].

Identifying these STE parameters in patients with IAB is
important because they indicate alteration of atrial struc-
ture and function, even before severe enlargement of the
LA occurs, as we have detected in pIAB. It remains to be
clarified whether this decrease, as determined using STE in
IAB, has a similar ability to predict the development of
new-onset AF.

Table 5 Multinomial multivariate analysis results
apIAB baIAB

Variablec dOR 95% eCI P OR 95% CI P
fLAVImax (mL/m2) 1.12 1.05–1.18 < 0.001 1.10 1.04–1.17 0.002
gASCTMF 0.02 0.003–11.1 0.24 0.03 0.004–0.14 0.003
hεs LAmax 0.85 0.72–1.01 0.07 0.77 0.64–0.92 0.004
iSRa 11.5 2.7–49 0.001 98.2 16–120.4 < 0.001
jSRs 0.03 0.003–0.29 0.003 0.008 0.001–0.12 0.004
apIAB partial interatrial block, baIAB advanced interatrial block, cVariable normal ECG group taken as reference category. dOR odds ratio, eCI confidence interval,
fLAVImax Maximal left atrial volume indexed to body surface area (mL/m2), gASCTMF atrial systolic contribution to total mitral flow, hεs LAmax strain in LA reservoir
phase, iSRa strain rate in LA booster pump function phase, jSRs strain rate in LA reservoir phase

Fig. 3 Comparison of multivariate models. Incremental correlation between interatrial block and echocardiographic variables with respect to age
and diabetes mellitus. We used the multinomial logistic regression model, with the dependent variable taking three values (“pIAB,” “aIAB,” and
“patients with no IAB”). pIAB = partial Interatrial Block; aIAB = advanced Interatrial Block; ASCTMF = atrial systolic contribution to total mitral flow;
LA = left atrial; εs LAmax = LA strain in reservoir phase; SRs = LA strain rate in reservoir phase; LAVImax =maximal LA volume indexed to body
surface area; SRa = LA strain rate in booster pump function phase

Lacalzada-Almeida et al. BMC Cardiovascular Disorders  (2018) 18:38 Page 7 of 9



Limitations
We have not been able to establish whether IAB is a
degenerative process independent of the specific atrial
conduction system or associated with atrial fibrosis.
We did not measure the LA electromechanical coup-
ling, the LA mechanical dispersion, or the inter- and
intra-atrial electromechanical delays. Failure to per-
form LGE-CMR prevented us from directly correlat-
ing the degree of fibrosis with the 2DE STE findings
of LA contractile function. The three-dimensional
TTE technique could provide useful strain data from
multiple sites and a more accurate assessment of
atrial volumes. Finally, and because our study was not
designed to establish a causal relationship between
decreased atrial deformity and AF, a prospective
longitudinal design would be needed to determine
whether ECG and STE findings in patients with IAB
are related to AF and cardioembolic events. Then,
establishing the incremental value that STE has on
the ECG can provide information regarding prognosis
and therapeutic measures in patients with IAB.

Conclusions
To our knowledge, this is the first study to describe LA
wall deformation alterations determined using 2D STE
in patients with IAB. It demonstrated that SRa and SRs
of LA are pathologically diminished in patients with
IAB. This finding could indicate the existence of an
atrial cardiomyopathy in patients with IAB.
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echocardiography; TTE: Transthoracic echocardiography; εs LAmax: Maximal
peak left atrial longitudinal strain in reservoir phase

Acknowledgements
We thank Michael Mclean for help with the text in English.

Funding
Not applicable

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
JL conceived the study and its design. MI, CB, PB, LE and JL worked on acquisition
of data and analysis. JL, JG, RE, AJ and AB worked on interpretation of data and
drafting of the manuscript. JL, RE and AB revised the manuscript critically. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
This study was reviewed and approved by the Clinical Research Ethics Committee
of the University Hospital of the Canary Islands (Canary Islands, Tenerife, Spain).
Written informed consent was obtained from all patients to access their clinical
electronic records and images.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Cardiology, Hospital Universitario de Canarias, Ofra s/n, La
Cuesta, 38320 La Laguna, Tenerife, Spain. 2Servicios Sanitarios del Área de
Salud de El Hierro, Valle del Golfo Health Center, El Hierro, Spain.
3Cardiovascular Epidemiology and Genetics Research Group, IMIM (Hospital
del Mar Medical Research Institute), Barcelona, Catalonia, Spain. 4CIBER
Cardiovascular Diseases (CIBERCV), Barcelona, Spain. 5Research Unit, Hospital
Universitario de Canarias, La Laguna, Santa Cruz de Tenerife, Spain.

Fig. 4 Receiver operating characteristic curves of the atrial booster
pump function phase (SRa) (independent variable) in correlation with
presence or not of interatrial block (dependent variable). AUC = area
under the curve

Lacalzada-Almeida et al. BMC Cardiovascular Disorders  (2018) 18:38 Page 8 of 9

https://doi.org/10.1186/s12872-018-0776-6
https://doi.org/10.1186/s12872-018-0776-6
https://doi.org/10.1186/s12872-018-0776-6


6Fundación Investigación Cardiovascular, Institut Català Ciències
Cardiovasculars, Barcelona, Catalonia, Spain.

Received: 27 December 2017 Accepted: 13 February 2018

References
1. Barbero U, Ho SY. Anatomy of the atria a road map to the left atrial

appendage. Herzschrittmacherther Elektrophysiol. 2017;28(4):347–54.
2. Bayés de Luna A, Cladellas M, Oter R, Torner P, Guindo J, Martí V, et al.

Interatrial conduction block and retrograde activation of the left atrium and
paroxysmal supraventricular tachyarrhythmia. Eur Heart J. 1988;9(10):1112–8.

3. Bayés De Luna A, Platonov P, Cosio FG, Cygankiewicz I, Pastore C,
Baranowski R, et al. Interatrial blocks. A separate entity from left atrial
enlargement: a consensus report. J Electrocardiol. 2012;45(5):445–51.

4. Goyal SB, Spodick DH. Electromechanical dysfunction of the left atrium
associated with interatrial block. Am Heart J. 2001;142(5):823–7.

5. Conde D, Van Oosten EM, Hamilton A, Petsikas D, Payne D, Redfearn DP,
et al. Prevalence of interatrial block in patients undergoing coronary bypass
graft surgery. Int J Cardiol. 2014;171(3):e98–9.

6. Alexander B, Rodriguez C, de la Isla LP, Islas F, Quevedo PJ, Nombela-Franco
L, et al. The impact of advanced interatrial block on new-onset atrial
fibrillation following TAVR procedure. Int J Cardiol. 2016;223:672–3.

7. Conde D, Seoane L, Gysel M, Mitrione S, Bayes de Luna A, Baranchuk A.
Bayes’ syndrome: the association between interatrial block and
supraventricular arrhythmias. Expert Rev Cardiovasc Ther. 2015;13(5):541–50.

8. Martinez-Selles M, Baranchuk A, Elosua R, Bayés de Luna A. Rationale and
design of the BAYES ( interatrial block and yearly events ) registry. Clin
Cardiol. 2017;40(4):196–9.

9. Sarvari SI, Haugaa KH, Stokke TM, Ansari HZ, Leren IS, Hegbom F,
et al. Strain echocardiographic assessment of left atrial function
predicts recurrence of atrial fibrillation. Eur Heart J Cardiovasc
Imaging. 2016;17(6):660–7.

10. Di Salvo G, Caso P, Lo Piccolo R, Fusco A, Martiniello AR, Russo MG, et al.
Atrial myocardial deformation properties predict maintenance of sinus
rhythm after external cardioversion of recent-onset lone atrial fibrillation: a
color Doppler myocardial imaging and transthoracic and transesophageal
echocardiographic study. Circulation. 2005;112(3):387–95.

11. Hirose T, Kawasaki M, Tanaka R, Ono K, Watanabe T, Iwama M, et al. Left
atrial function assessed by speckle tracking echocardiography as a predictor
of new-onset non-valvular atrial fibrillation: results from a prospective study
in 580 adults. Eur Heart J Cardiovasc Imaging. 2012;13(3):243–50.

12. Ariyarajah V, Apiyasawat S, Fernandes J, Kranis M, Spodick DH. Association
of Atrial Fibrillation in patients with interatrial block over prospectively
followed controls with comparable echocardiographic parameters. Am J
Cardiol. 2007;99(3):390–2.

13. Kligfield P, Gettes LS, Bailey JJ, Childers R, Deal BJ, Hancock EW, et al.
Recommendations for the standardization and interpretation of the
electrocardiogram: part I: the electrocardiogram and its technology: a
scientific statement from the American Heart Association
electrocardiography and arrhythmias committee, council on clinical
cardiology; the American College of Cardiology Foundation; and the Heart
Rhythm Society: endorsed by the International Society for Computerized
Electrocardiology. Circulation. 2007;115(10):1306–24.

14. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al.
Recommendations for cardiac chamber quantification by echocardiography
in adults: an update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr. 2015;28(1):1–39. e14

15. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T,
et al. Recommendations for the evaluation of left ventricular diastolic
function by echocardiography: an update from the American Society of
Echocardiography and the European Association of Cardiovascular Imaging.
J Am Soc Echocardiogr. 2016;29(4):277–314.

16. Manning WJ, Leeman DE, Gotch PJ, Come PC. Pulsed Doppler evaluation of
atrial mechanical function after electrical cardioversion of atrial fibrillation. J
Am Coll Cardiol. 1989;13(3):617–23.

17. Yasuda R, Murata M, Roberts R, Tokuda H, Minakata Y, Suzuki K, et al. Left
atrial strain is a powerful predictor of atrial fibrillation recurrence after
catheter ablation : study of a heterogeneous population with sinus rhythm
or atrial fibrillation. Eur Hear J Cardiovasc Imaging. 2015;16(9):1008–14.

18. Vianna-Pinton R, Moreno CA, Baxter CM, Lee KS, Tsang TSM, Appleton CP.
Two-dimensional speckle-tracking echocardiography of the left atrium:
feasibility and regional contraction and relaxation differences in normal
subjects. J Am Soc Echocardiogr. 2009;22(3):299–305.

19. Todaro MC, Choudhuri I, Belohlavek M, Jahangir A, Carerj S, Oreto L, et al.
New echocardiographic techniques for evaluation of left atrial mechanics.
Eur Heart J Cardiovasc Imaging. 2012;13(12):973–84.

20. Sun JP, Yang Y, Guo R, Wang D, Lee APW, Wang XY, et al. Left atrial
regional phasic strain, strain rate and velocity by speckle-tracking
echocardiography: normal values and effects of aging in a large group of
normal subjects. Int J Cardiol. 2013;168(4):3473–9.

21. Donal E, Lip GYH, Galderisi M, Goette A, Shah D, Marwan M, et al. EACVI/
EHRA expert consensus document on the role of multi-modality imaging
for the evaluation of patients with atrial fibrillation. Eur Heart J Cardiovasc
Imaging. 2016;17(4):355–83.

22. Martínez-Sellés M, Massó-van Roessel A, Álvarez-García J, García de la Villa B,
Cruz-Jentoft AJ, Vidán MT, et al. Interatrial block and atrial arrhythmias in
centenarians: prevalence, associations, and clinical implications. Heart
Rhythm. 2016;13(3):645–51.

23. Montserrat S, Gabrielli L, Bijnens B, Borràs R, Berruezo A, Poyatos S, et al. Left
atrial deformation predicts success of first and second percutaneous atrial
fibrillation ablation. Heart Rhythm. 2015;12(1):11–8.

24. Yoon YE, Oh I, Kim S, Park K, Kim SH. Echocardiographic predictors of
progression to persistent or permanent atrial fibrillation in patients with
paroxysmal atrial fibrillation ( E6P study ). J Am Soc Echocardiogr. 2015;
28(6):709–17.

25. Rydman R, Shiina Y, Diller G, Niwa K, Li W, Uemura H, et al. Major adverse
events and atrial tachycardia in Ebstein ’ s anomaly predicted by
cardiovascular magnetic resonance. Heart. 2018;104(1):37–44.

26. Longobardo L, Todaro MC, Zito C, Piccione MC, Di Bella G, Oreto L,
et al. Role of imaging in assessment of atrial fibrosis in patients with
atrial fibrillation: state-of-the-art review. Eur Heart J Cardiovasc Imaging.
2014;15(1):1–5.

27. Mahnkopf C, Badger TJ, Burgon NS, Daccarett M, Haslam TS, Badger CT,
et al. Evaluation of the left atrial substrate in patients with lone atrial
fibrillation using delayed-enhanced MRI: implications for disease progression
and response to catheter ablation. Heart Rhythm. 2010;7(10):1475–81.

28. Goette A, Kalman JM, Aguinaga L, Akar J, Angel J, Ann S, et al. EHRA / HRS /
APHRS / SOLAECE expert consensus on atrial cardiomyopathies : definition,
characterisation, and clinical implication. J Arrhythmia. 2016;32:247–78.

29. Calenda BW, Fuster V, Halperin JL, Granger CB. Stroke risk assessment in
atrial fibrillation: risk factors and markers of atrial myopathy. Nat Rev Cardiol.
2016;13(9):549–59.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Lacalzada-Almeida et al. BMC Cardiovascular Disorders  (2018) 18:38 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Electrocardiogram
	Echocardiographic studies
	Other covariates
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

