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Abstract: Background: Left atrial (LA) myopathy with paroxysmal and permanent atrial fibrillation
(AF) is frequent in chronic coronary syndromes (CCS) but sometimes occult at rest and elicited
by stress. Aim: This study sought to assess LA volume and function at rest and during stress
across the spectrum of AF. Methods: In a prospective, multicenter, observational study design, we
enrolled 3042 patients [age = 64 ± 12; 63.8% male] with known or suspected CCS: 2749 were in
sinus rhythm (SR, Group 1); 191 in SR with a history of paroxysmal AF (Group 2); and 102 were in
permanent AF (Group 3). All patients underwent stress echocardiography (SE). We measured left
atrial volume index (LAVI) in all patients and LA Strain reservoir phase (LASr) in a subset of 486 patients.
Results: LAVI increased from Group 1 to 3, both at rest (Group 1 = 27.6 ± 12.2, Group 2 = 31.6 ± 12.9,
Group 3 = 43.3 ± 19.7 mL/m2, p < 0.001) and at peak stress (Group 1 = 26.2 ± 12.0, Group 2 = 31.2 ± 12.2,
Group 3 = 43.9 ± 19.4 mL/m2, p < 0.001). LASr progressively decreased from Group 1 to 3, both at rest
(Group 1 = 26.0 ± 8.5%, Group 2 = 23.2 ± 11.2%, Group 3 = 8.5 ± 6.5%, p < 0.001) and at peak stress
(Group 1 = 26.9 ± 10.1, Group 2 = 23.8 ± 11.0 Group 3 = 10.7 ± 8.1%, p < 0.001). Stress B-lines (≥2)
were more frequent in AF (Group 1 = 29.7% vs. Group 2 = 35.5% vs. Group 3 = 57.4%, p < 0.001). In-
ducible ischemia was less frequent in SR (Group 1 = 16.1% vs. Group 2 = 24.7% vs. Group 3 = 24.5%,
p = 0.001). Conclusions: In CCS, rest and stress LA dilation and reservoir dysfunction are often
present in paroxysmal and, more so, in permanent AF and are associated with more frequent inducible
ischemia and pulmonary congestion during stress.

Keywords: atrial fibrillation; left atrium; reservoir function; strain; stress echocardiography

1. Introduction

Atrial fibrillation (AF) is common in patients with chronic coronary syndromes (CCS)
or heart failure (HF), and its development is associated with a worse prognosis [1]. Left
atrial (LA) myopathy is frequent in patients with paroxysmal or permanent AF [2]. Transtho-
racic echocardiography (TTE) detects LA myopathy through the combined assessment of
LA volume index (LAVI) with two-dimensional echocardiography (2DE) and LA strain
of the reservoir phase (LASr, also known as peak atrial longitudinal strain) with speckle-
tracking echocardiography (STE) [3,4]. In patients with sinus rhythm (SR), a reduction of
LASr is a predictor of incident future AF, stronger than LAVI dilation [5–8]. In principle,
subtle forms of LA dysfunction are detectable during stress as a reduced functional LA
reserve. LA abnormalities occult at rest can be unmasked as a stress-induced marked LAVI
dilation or blunted LASr increase [9]. The present study hypothesis was that LA volume
and function abnormalities absent at rest can be best appreciated with stress echocardiogra-
phy (SE), and—in some patients—abnormalities present at rest can be normalized by stress
administration eliciting an atrial functional reserve not utilized at rest. In this hypothesis-
driven analysis of prospectively acquired data from accredited laboratories contributing to
a multicenter international SE 2030 study [10], we assessed LAVI and (in a subset) LASr at
rest and during stress in patients with SR without a history of AF, with SR with history of
paroxysmal AF, and with permanent AF.

2. Methods

Patients. The initial population comprised 3214 patients prospectively enrolled at
40 cardiology institutions from 14 countries, with recruitment from 16 March 2016, to
16 March 2023 [10]. Of 3214 patients initially considered and present in the data bank,
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32 (0.9%) were excluded for an unclear history of atrial fibrillation; 36 (1.1%) were excluded
for inadequate imaging of rest LAVI; and 104 were excluded (3.2%) for missing LAVI data
during stress. Of these 3042, LASr data at rest and peak stress were available in 486 patients.
Indication for SE was the assessment of inducible ischemia in patients with known or
suspected CCS. Exclusion criteria were a poor acoustic window at rest, clinically significant
valvular or congenital heart disease, and prognostically relevant non-cardiac diseases
(advanced cancer, end-stage renal disease, or severe obstructive pulmonary disease). All
patients underwent transthoracic echocardiography (TTE) and SE with an assessment of
LAVI (mandatory) and LASr (optional). The study protocol was reviewed and approved by
the institutional ethics committees in its latest versions as a part of the more comprehensive
SE 2020 study (148-Comitato Etico Lazio-1, 16 July 2016; Clinical trials.Gov Identifier
NCT 030.49995) and SE 2030 study 291/294/295 Comitato Etico Lazio-1, 8 March 2021;
Clinical trials.Gov Identifier NCT NCT050.81115) [10].

TTE. TTE was performed using commercially available ultrasound machines. All
patients underwent TTE at rest, including ejection fraction (EF), and, in a subset of
1148 patients, global longitudinal strain (GLS). All measurements were taken by certified
cardiologists according to the recommendations of the American Society of Echocardiogra-
phy and the European Association of Cardiovascular Imaging [11].

SE. SE was performed according to current guidelines as previously detailed [12,13].
Wall motion score index (WMSI) was calculated in each patient at baseline and peak stress,
in a four-point score ranging from 1 (normal) to 4 (dyskinetic), using a 17-segment model
of the LV [14]. The ejection fraction was measured for apical biplane views with Simpson’s
method. B-lines (also known as lung comets) were identified with lung ultrasound as
vertical lines departing from the pleural line and synchronous with respiration. These were
evaluated with a simplified four-site scan in the third intercostal space, from mid-axillary to
anterior axillary to mid-clavicular line, each space scored from 0 (normal horizontal A-lines)
to 10 (white lung), with a cumulative score per patient from 0 (normal) to 40 (severely
abnormal). The procedure of acquisition was standardized between centers through a
web-based learning module before starting data collection. All readers (one for each center)
underwent quality control as previously described [15].

LA Measurements

LAVI was measured from apical four- and two-chamber views with the modified
method of disks and normalized by the body surface area. LASr was measured by STE
using frame rates from 40 to 80/s. The left atrial strain was calculated from either an apical
four-chamber view (average from six LA segments) or combined four- and two-chamber
views (average value from 12 LA segments) according to recommendations [16,17]. LASr
was calculated from LV-end diastole, with R-wave as the zero-reference time point used
as a surrogate of end-diastole, feasible also in AF, differently from the P wave convention.
The first positive peak corresponds to the LA reservoir phase, and values are expressed
as percentage points, algebraically positive. LAS-r corresponds to early diastole with
maximum relaxation of its wall. LAS in the conduit phase and the atrial contraction phase
were not included in the data set since LAS-r is more reproducible, easier to measure, and
better represents the global function of the LA. Measurements were averaged over three
cardiac cycles when the patient had SR and five cycles when there was AF.

Based on previously reported lower limits of reference values, we considered an
abnormal LAVI value ≥ 34 mL/m2 and an abnormal LASr value < 24% [18]. Previous
studies have shown that the normal stress response is characterized by a reduction or mild
increase in LAVI during stress, with an increase of LASr [19–21].

Statistical analysis. All data are presented as mean ± SD, number (percentage), or
median (interquartile range) as appropriate. Group differences were evaluated using the
Student’s t-test for normally distributed continuous variables, the Mann-Whitney U test
for skewed continuous variables, and the chi-square or Fisher’s exact tests for categorical
variables. One-way analysis of variance or Kruskal-Wallis tests were used to compare
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>2 groups. When a significant difference was found, post hoc testing with Bonferroni
comparisons for identified specific group differences was used. Paired Student’s t-tests
or Wilcoxon tests were used to compare differences within groups. Pearson’s correlation
coefficient was used to examine relationships between continuous variables. All analyses
were two-sided. Statistical significance was set at p < 0.05. All statistical calculations were
performed using SPSS for Windows, release 20.0 (Chicago, IL, USA).

3. Results

Accordingly, 3042 (1942 [63.8%] men; mean [±SD] age 64 ± 12 years) with interpretable
LAVI formed the study group (Figure 1), with LASr data available in 486 (16.0%). The main
clinical and resting echocardiographic features are reported in Table 1, with the overall
population divided into SR without a history of AF (Group 1, n = 2749), SR with a history
of paroxysmal AF (Group 2, n = 191), and permanent AF (Group 3, n = 102). We measured
LAVI in all patients by selection and LASr in a subset of 486 (16.0%).
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Figure 1. Consort Diagram Flow diagram showing how many individuals were excluded at each
step (LAVI miss, LASr miss, unclear history of AF).

Table 1. Clinical and rest TTE findings in the study population.

Overall (n = 3042) SR
(n = 2749)

Paroxysmal
AF

(n = 191)

Permanent
AF

(n = 102)
p-Value

Age 64 ± 12 63 ± 13 *ˆ 69 ± 9 * 73 ± 8 <0.001

Male sex 1942 (63.8%) 1759 (64.0%) 118 (61.8%) 65 (63.7%) 0.828

BSA (m2) 1.89 ± 0.47 1.89 ± 0.49 1.91 ± 0.20 1.92 ± 0.20 0.048

Hypertension, n (%) 2391 (78.6%) 2125 (77.3%) * 174 (91.1%) * 92 (90.2%) <0.001

Diabetes, n (%) 667 (21.9%) 599 (21.8%) 45 (23.6%) 23 (22.5%) 0.839

LBBB, n (%) 165 (5.5%) 147 (5.5%) 9 (4.9%) 9 (9.2%) 0.509

BB-therapy, n (%) 1658 (54.5%) 1422 (51.7%) *ˆ 158 (82.7%) * 78 (76.5%) <0.001

HR (bpm) 69.3 ± 12.2 69.0 ± 11.9 * 67.4 ± 11.4 * 80.5 ± 16.6 <0.001

SBP (mmHg) 130.2 ± 18.4 130.1 ± 18.3 131.5 ± 17.5 129.5 ± 20.5 0.564

DBP (mmHg) 78.0 ± 10.8 77.8 ± 10.7 79.5 ± 10.6 79.6 ± 13.7 0.033

Previous MI 799 (26.3%) 732 (26.6%) 43 (22.5%) 24 (23.5%) 0.374
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Table 1. Cont.

Overall (n = 3042) SR
(n = 2749)

Paroxysmal
AF

(n = 191)

Permanent
AF

(n = 102)
p-Value

PCI/CABG, n (%) 855 (28.1%)
200(6.6%)

786 (28.6%)
175 (6.4%)

44 (23.0%)
15 (7.9%)

25 (24.5%)
10 (9.8%) 0.453

LAVI (mL/m2) 28.3 ± 12.9 27.6 ± 12.2 *ˆ 31.6 ± 12.9 * 43.3 ± 19.7 <0.001

LAVI > 34 (mL/m2) 752 (24.7%) 617 (22.4%) *ˆ 70 (36.6%) * 65 (63.7%) <0.001

LASr (%) 25.0 ± 9.4 26.0 ± 8.5 *ˆ 23.2 ± 11.2 * 8.5 ± 6.5 <0.001

LASr < 24% 233 (47.9%) 181 (42.6%) *ˆ 28 (71.8%) * 24 (100%) <0.001

EF at rest (%) 59.9 ± 9.6 60.1 ± 9.6 * 61.2 ± 9.1 * 53.7 ± 11.1 <0.001

WMSI 1.12 ± 0.30 1.11 ± 0.29 * 1.12 ± 0.29 * 1.23 ± 0.42 0.001

B-lines ≥ 2 537 (18.6%) 454 (17.5%) *ˆ 39 (20.4%) * 44 (43.6%) <0.001

GLS (%) −17.3 ± 4.1 −17.5 ± 3.9 * −17.4 ± 3.9 * −12.7 ± 4.5 <0.001

MR
≥ moderate 159 (7.4%) 127 (6.6%) *ˆ 16 (11.0%) * 16 (20.3%) <0.001

E/e’
(n = 1552) 10.8 ± 5.0 10.5 ± 4.8 *ˆ 12.1 ± 5.7 * 15.5 ± 6.5 0.001

E/e’ > 15 224 (14.4%) 172 (12.5%) * 27 (22.9%) * 25 (43.9%) <0.001

SPAP
(n = 1349) 24.2 ± 10.6 23.7 ± 10.4 * 25.7 ± 9.3 * 32.2 ± 12.4 0.001

Abbreviations: AF: atrial fibrillation; BB: beta-blockers; BSA, body surface area; CABG: coronary artery by-pass
grafting; DBP: diastolic blood pressure; EF: ejection fraction; GLS: global longitudinal strain; HR: heart rate, bpm:
beats per minute; LASr, left atrial strain-reservoir phase; LAVI, left atrial volume index; LBBB: left bundle branch
block; MI, myocardial infarction; MR, mitral regurgitation; PCI: percutaneous coronary intervention; SBP: systolic
blood pressure; SPAP, systolic pulmonary artery pressure; SR: sinus rhythm; WMSI: wall motion score index;
* p < 0.005 vs. Permanent AF, ˆ p < 0.005 vs. Paroxysmal AF.

Resting TTE findings. The resting echocardiographic LV EF in the entire study group
was 59.9 ± 9.6%, with higher values in patients in SR than those with permanent AF
(Table 1). A significant intergroup gradient was observed for LAVI (smallest in SR), LASr
(highest in SR), and B-lines (lowest in SR). LAVI was abnormal in 754 patients (24.7%) and
LASr in 241 (46.3%), with a progressive increase in the prevalence of abnormal results from
Group 1 to 3 (Table 1).

SE findings. The employed stresses were exercise (n = 1462; semisupine in 1250,
peak or post-treadmill in 169, upright bicycle in 43), high-dose dobutamine (n = 417), or
high-dose vasodilator (n = 1163; dipyridamole in 1137, adenosine in 26), based on the
patient’s characteristics and laboratory expertise. The main SE findings are reported in
Table 2. The Figure 2 shows an example of a patient from each of the three groups. A
patient of Group 1 (left panel) shows a normal LA response during stress, with unchanged
LAVI and LASr increase. A patient of Group 2 (middle panel) shows unchanged LAVI and
LASr decrease during stress. A patient of Group 3 (right panel) shows a dilated LAV and
reduced LASr, unchanged during stress.

An abnormal stress response for B-lines and inducible RWMA were more frequent in
patients of Group 3 than in those of Group 2 and Group 1 (Table 2).

Considering the subset of 486 patients with complete LAVI and LASr data, there was
a linear inverse relationship between LAVI and LASr, both at rest and during stress, consid-
ering the different stressors (Figure 3). The correlation remained significant considering
patients with exercise (n = 252, at rest, r = −0.387, p < 0.001, at peak stress: r = −412,
p < 0.001) and pharmacological stress (n = 234, at rest: r = −0.409, p < 0.001, at peak stress:
r = −0.269, p < 0.001).
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Figure 2. On the left, the normal response in a patient in SR showing a normal pattern, with small
increase of LAV (48 mL rest, 54 mL stress) and increase of LASr (26% rest, 31% stress) during exercise.
In the middle, a patient in SR but with a history of paroxysmal AF showing unchanged LAV (44 mL
rest, 45 mL stress) and LASr decrease (29% rest, 21% stress) during exercise. On the right, a patient in
permanent AF showing a near-normal LAV (74 mL rest, 59 mL stress) and severe reduction of LASr
(8% rest, 11% stress) at rest and during exercise.

Table 2. SE findings in the study population.

Overall (n = 3042) SR
(n = 2749)

Paroxysmal
AF

(n = 191)

Permanent
AF

(n = 102)
p-Value

Exercise 1462 (48.1%) 1305 (47.5%) 98 (51.3%) 59 (57.8%)

0.175Dobutamine 417 (13.7%) 378 (13.8%) 29 (15.2%) 10 (9.8%)

Vasodilator 1163 (38.2%) 1066 (38.8%) 64 (33.5%) 33 (32.4%)

LAVI (mL/m2) 27.1 ± 12.8 26.2 ± 12.0 *ˆ 31.2 ± 12.2 * 43.9 ± 19.4 <0.001

LAVI > 34 (mL/m2) 692 (22.7%) 555 (20.2%) *ˆ 65 (34.0%) * 72 (70.6%) <0.001

LAVI-dilators 385 (12.7%) 332 (12.1%) *ˆ 29 (15.2%) * 24 (23.5%) 0.002

LASr (%) 25.8 ± 10.8 26.9 ± 10.1 *ˆ 23.8 ± 11.0 * 10.7 ± 8.1 <0.001

LASr < 24% 217 (44.7%) 173 (40.9%) *ˆ 23 (59.0%) * 21 (87.5%) <0.001

dLASr (%) 7.23 ± 10.02 7.48 ± 9.77 *ˆ 5.68 ± 9.61* 3.38 ± 15.12 <0.001

LASr-reducers 149 (30.7%) 125 (29.6%)*ˆ 14 (35.6%)* 10 (41.7%) 0.353

EF (%) 67.6 ± 12.1 67.9 ± 11.9* 67.3 ± 11.6* 59.7 ± 15.5 <0.001

WMSI 1.14 ± 0.32 1.14 ± 0.31 * 1.17 ± 0.36 * 1.32 ± 0.53 <0.001

dWMSI 0.034 ± 0.22 0.030 ± 0.22 * 0.053 ± 0.18 * 0.083 ± 0.36 0.027
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Table 2. Cont.

Overall (n = 3042) SR
(n = 2749)

Paroxysmal
AF

(n = 191)

Permanent
AF

(n = 102)
p-Value

GLS (%) −18.5 ± 4.8 −18.7 ± 4.7 * −19.2 ± 4.1 * −12.2 ± 4.7 <0.001

B-lines ≥ 2 885 (31%) 762 (29.7%) * 65 (35.5%) * 58 (57.4%) <0.001

MR
≥ moderate 134 (7.6%) 111 (7.1%) * 10 (8.5%) * 13 (19.1%) <0.001

E/e’
(n = 1432) 10.8 ± 4.7 10.4 ± 4.3 *ˆ 12.5 ± 5.6 * 15.7 ± 6.1 0.001

E/e’ > 15 200 (14.0%) 144 (11.4%) *ˆ 29 (25.4%) * 27 (49.1%) <0.001

SPAP
(n = 1116) 35.1 ± 16.8 34.3 ± 16.8 * 39.4 ± 16.1 46.1 ± 13.3 0.001

Abbreviations: as in Table 1. LAVI-dilators: an increase (stress > rest) ≥ 20% with absolute stress
value > 34 mL/m2. LASr-reducers: a decrease (stress < rest) ≥ 20% with absolute stress value < 24%. EF
reducers: stress < rest; GLS decreaser: stress < rest; WMSI-increaser: stress < rest for > 0.12. LAVI, EF, and
WMSI, data were available in all patients (100%); B-lines in 2851 (93.7%); LASr in 486 patients (16.0%); GLS in
1148 (37.7%). * p < 0.005 vs. Permanent AF, ˆ p < 0.005 vs. Paroxysmal AF.
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Figure 3. Scattergram of the patients with LAVI and LASr data at rest (left panel) and during
stress (right panel), divided according to the stressors used (black: exercise; green: vasodilator;
red: dobutamine).

LAVI was normal at rest in 2290 patients and became abnormal during stress in
224 (9.8%). Of the 752 patients with abnormal LAVI at rest, 284 became normal during
stress (37.8%), leading to a stress reclassification (from normal to abnormal, or vice-versa)
in 508 patients (16.7%).

LASr was normal at rest in 253 patients and became abnormal during stress in
55 (21.7%). Of the 233 patients with abnormal LASr at rest, 71 became normal during
stress (30.5%), leading to a stress reclassification (from normal to abnormal, or vice-versa)
in 126 patients (25.9%).
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4. Discussion

In this study, we assessed LAVI and (in a subset) LASr at rest and during stress in
patients with CCS. We demonstrated that patients with AF had more frequent LA dilation
and dysfunction at rest and during stress than patients with SR. Among patients with
AF, LA dilation and dysfunction were more frequent and more severe in patients with
permanent than in those with a history of paroxysmal AF but in SR at the time of testing.
LA dysfunction was accompanied by more severe pulmonary congestion and regional
wall motion abnormalities. SE led to a reclassification of LA (from normal to abnormal, or
vice-versa) in 16.7% of patients by LAVI criteria and in 25.9% by LASr criteria.

4.1. Comparison with Previous Studies

Previous studies have shown that patients with AF exhibit LA dysfunction with in-
creased LAVI and reduced LASr compared to controls without AF [22,23]. LA dilation
is accompanied by LA dysfunction and a more profound functional impairment during
stress, with more severe signs of pulmonary congestion [21]. Altogether, these data suggest
that LA has an important impact on functional capacity, and early stages of LA dysfunction
can be detected with a combination of LAVI and LASr. Multiple studies have analyzed the
relevance of LAVI and LASr in AF patients, but fewer studies have assessed LAVI during
stress, with a variety of different stressors combined with LASr with a multicenter design
allowing enrollment of a large number of patients with different underlying comorbidities
from different countries, who were evaluated with different stressors and involving dif-
ferent vendors. This heterogeneity is more likely to reflect real-world conditions and may
increase the generalizability of the findings.

4.2. Clinical Implications

LAVI is now an integral part of the TTE data set in several conditions, from valvular
heart disease to dilated or hypertrophic cardiomyopathy. These parameters can be obtained
with little extra imaging and analysis time, not only at rest but also during stress in patients
with CCS. LASr could be a valuable parameter added to volume data. LAVI and LASr
provide a combined assessment of LA size and function, which are often uncoupled. LASr
may help to identify an occult LA dysfunction not apparent at rest or reclassify as normal
patients with alterations at rest.

4.3. Study Limitations

LASr required more advanced technology than 2DE and was an optional variable,
available only in 16% of patients. LA strain of the reservoir phase was available only in
a minority of patients, limiting the robustness of this information. LAVI was assessed by
2DE but is more accurately measured with real-time three-dimensional echocardiography
and artificial intelligence [24]. LASr is the easiest and most reproducible parameter to
characterize LA function, but further information can be derived from the assessment
of conduit and contraction phases, which may provide incremental value over LASr in
predicting newly onset AF [25]. In addition, the multicenter nature of the study allowed a
multi-vendor assessment of LA function. LASr may show some inter-vendor variability [26].
However, the adopted cutoff values for abnormality have been validated across different
vendors, and the inter-vendor variability does not apply to stress-rest variation evaluated
in the same patient with the same vendor. We focused on LASr, but right atrial strain
can be even more important for predicting AF [27]. The study design was observational,
and many clinical variables known to affect LAVi and LASr could not be controlled in the
three study groups of this cohort. Patients with permanent AF were clearly different from
those with paroxysmal AF and sinus rhythm for several traits, including older age, larger
body surface area, higher prevalence of hypertension, and more frequent beta-blocker
treatment. The study groups varied in size, and the size differences might have affected
the conducted statistical analysis. Rather than the mean group size, the power to detect
group differences will track more closely the harmonic mean of the group sizes (which
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usually implies lower-than-expected statistical power). The observational study design
does not allow us to discern the contributions of these potential confounders from the
direct, specific effect of arrhythmic history. The information on the duration of AF was not
available in most patients since the structure of the data bank represents a trade-off between
the priority of simplicity and the need for completeness. It is possible that the severity of
LAVI and LASr abnormalities are related to the duration of arrhythmia history. Still, this
aspect could not be addressed from the present data set. We did not include patients with
persistent AF, likely to fall closer to permanent rather than paroxysmal AF, since the total
atrial fibrillation burden is associated with progressive LA structural remodeling and a
decrease in LA reservoir function [28,29]. We did not have information on antiarrhythmic
drugs other than beta-blockers in our data bank, not specifically focused on AF. We did
not have access to information on catheter ablation procedures and intraprocedural data,
which are potentially important since a reduced LASr is a predictor of AF recurrence after
ablation independently of LAVI and AF subtype [30].

4.4. Conclusions

LA dilation and/or dysfunction are frequent in patients with AF and can be detected
with resting TTE and SE with 2DE and STE. Both rest and stress LA abnormalities are
more prevalent in patients with permanent than those with paroxysmal AF. However,
patients with paroxysmal AF have more pronounced LA abnormalities than patients with
SR. LA dysfunction is often accompanied by signs of pulmonary congestion during stress.
Subtle forms of LA myopathy may be unmasked by SE in patients with paroxysmal or
permanent AF.
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Abbreviations

AF atrial fibrillation
CCS chronic coronary syndromes
EF ejection fraction
HR hazard ratio
LA left atrial
LASr left atrial strain
LAVI left atrial volume index
LV left ventricle
RWMA regional wall motion abnormality
SE stress echocardiography
SR sinus rhythm
STE speckle tracking echocardiography
TTE transthoracic echocardiography
2DE two-dimensional echocardiography
WMSI wall motion score index
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