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[T I N

Abstract: Background: To date, only a few studies have evaluated left atrial (LA) mechanics in
patients with atrial fibrillation (AF) scheduled for electrical cardioversion (ECV). The present sys-
tematic review has been primarily designed to summarize the main findings of these studies and
to examine the overall effect of AF on left atrial reservoir strain (LASr) in patients undergoing ECV.
Methods: All the echocardiographic studies evaluating the effect of AF on LA mechanics in patients
scheduled for ECV, selected from the PubMed and EMBASE databases, were included. There was no
limitation of time period. The risk of bias was assessed by using the National Institutes of Health
(NIH) Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies. Results:
The full texts of 12 studies with 880 AF patients were analyzed. The pooled ECV success rate was
91.5% (range 65.8-100%). Over a median follow-up of 5.4 months (range 0.3-12 months), 35.2% of
the patients (range 5-68.8%) experienced AF recurrence. At baseline, the average LASr was 11.4%
(range 6.2-17.7%). A reduced LASr before ECV was strongly correlated with reduced left atrial ap-
pendage (LAA) flow velocities and /or thrombosis. The main independent predictors of cardioversion
failure were impaired LASr and previous AF history. A severe LASr deterioration was independently
correlated with AF recurrence after ECV. The other independent predictors of AR relapses were LA
asynchrony, reduced difference between post- and pre-ECV LASr, and reduced right atrial reservoir
strain. Conclusions: LASr assessment before ECV may provide useful prognostic information about
AF relapses and improve the refinement of the thromboembolic risk of AF patients scheduled for ECV.

Keywords: atrial fibrillation; electrical cardioversion; left atrial mechanics; left atrial strain; prognostic
risk stratification

1. Introduction

Atrial fibrillation (AF) is the most common clinically significant cardiac rhythm disor-
der worldwide [1] and is a major risk factor for stroke and heart failure [2]. Most AF patients
develop left atrial (LA) enlargement. The increased LA size, a marker of atrial structural
remodeling, has been found to be an independent predictor of AF recurrences after success-
ful electrical cardioversion (ECV) or radiofrequency ablation [3-5]. Although the strong
relationship between LA dilatation and AF is widely recognized, it is not clear whether
LA enlargement is the consequence or the cause of the arrhythmia [6,7]. Moreover, some
authors have hypothesized that LA enlargement occurs only if AF becomes chronic [8,9]. It
is noteworthy that subtle functional alterations may be present in AF patients with normal
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LA size on transthoracic echocardiography (TTE). Recent evidence indicates that LA en-
largement is anticipated by the impairment in LA strain [10-12]. This innovative biomarker
of LA function may be easily assessed by speckle tracking echocardiography (STE), a
semi-automated and angle-independent technique [13]. The implementation of LA mor-
phological assessment with LA strain analysis by strain echocardiographic imaging may
provide more comprehensive information on LA mechanics. The incremental prognostic
role of LA strain during the reservoir phase (LASr) over LA size as a predictor of new-onset
AF [14,15] or AF recurrences [16,17] has been consistently reported in various study groups.
To date, the majority of authors have investigated LA strain in AF patients who previously
underwent a successful ECV during the follow-up period, whereas only a few studies have
evaluated LA mechanics in AF patients undergoing ECV before the planned procedure.
The present systematic review has been primarily designed to summarize the main findings
of these studies and to examine the overall effect of paroxysmal and /or persistent AF on LA
mechanics in patients planned for ECV. The pathophysiological mechanisms underpinning
LASr impairment in these patients will be discussed as well.

2. Materials and Methods

This systematic review was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines [18] and was registered in the
INPLASY database on 8 September 2024 (registration number INPLASY202490037).

2.1. Search Strategy

A comprehensive search of all the echocardiographic studies evaluating the effect of
paroxysmal and/or persistent AF on LA mechanics in patients planned for ECV was carried
out by two independent reviewers (A.S. and M.L.) between August and September 2024 by
using the Medline and EMBASE databases. The search was last updated on 30 September
2024. The search strategy included the following terms: “atrial fibrillation” AND “electrical
cardioversion” AND “left atrial mechanics” OR “left atrial reservoir strain” OR “left atrial
appendage strain” AND “speckle tracking echocardiography” AND “two-dimensional
transthoracic echocardiography” OR “three-dimensional transthoracic echocardiography”
AND “transesophageal echocardiography”. The search was limited to full-text articles
published in English, whereas non-English language studies were excluded. There was no
time frame restriction for the inclusion of studies.

2.2. Eligibility Criteria

All the echocardiographic studies evaluating the effect of paroxysmal and/or per-
sistent AF on LA mechanics in patients undergoing ECV, regardless of the time frame,
were included. Conversely, imaging studies conducted on AF patients who previously
underwent ECV, echocardiographic studies conducted on AF patients scheduled for ECV
without LA mechanics assessment, studies involving patients aged <18 years non-clinical
articles, animal studies, duplicate articles, case reports, conference presentations, reviews,
correspondences, editorials, letters without data, and abstracts were excluded.

2.3. Study Selection and Data Extraction

Two reviewers (A.S. and M.L.) screened the databases according to the inclusion
criteria and performed data extraction independently. The following information concern-
ing AF patients: (1) demographics (age and sex); (2) anthropometrics (body mass index);
(3) prevalence of the most common cardiovascular risk factors (hypertension, smoking,
type 2 diabetes mellitus, and dyslipidemia); (4) previous history of coronary artery disease
(CAD), transient ischemic attack (TTA)/stroke, and/or heart failure; (5) AF duration, heart
rate at echocardiographic assessment, CHA2DS2-Vasc (Congestive heart failure or left
ventricular dysfunction, Hypertension, Age > 75 years, Diabetes, Stroke/TIA, Vascular
disease, Age 65-74 years, and Sex category) Score; (6) laboratory data, such as serum levels
of brain natriuretic peptide (BNP) or N-terminal pro-brain natriuretic peptide (NT-proBNP)
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and C-reactive protein (CRP); (7) 2D-TTE parameters, including cardiac chamber cavity
size, left ventricular filling pressures (LVFPs) expressed by the E/e’ ratio, biventricular
systolic function assessed by left ventricular ejection fraction (LVEF), and tricuspid annular
plane systolic excursion (TAPSE), respectively, and pulmonary hemodynamics; (8) 2D-
transesophageal echocardiography (TEE) parameters, such as left atrial appendage (LAA)
flow velocities and the eventual presence of LAA thrombosis (LAAT); (9) STE indices,
particularly peak systolic LA and left atrial appendage (LAA) strain and strain rate (SR)
values; (10) current medical treatment; and (11) ECV results and follow-up data were
independently collected by the two reviewers. Possible discrepancies between the review-
ers were resolved through a consensus discussion with the involvement of a third author
(G.L.N.), who checked the extracted data to ensure accuracy, completeness, and consistency.

2.4. Left Atrial Reservoir Strain Assessment

LASr is obtained by manually tracing the LA endocardial border in the apical 4-
chamber view (“monoplane” method) or in both apical 4- and 2-chamber views (“biplane”
method), thus delineating a region of interest (ROI), composed of 6 or 7 segments, depend-
ing on the software configuration. Then, after the eventual manual adjustment of the ROI,
the longitudinal strain curves are automatically generated by the software for each atrial
segment. LASr, measured at the end of the reservoir phase, is calculated by averaging
the values observed in all the LA segments [19]. Given that in AF, the pump function is
lost, only LASr can be measured, whereas peak LA diastolic strain (the expression of the
LA contractile function) is not determined. LASr is generally calculated as the mean of
3-5 consecutive measurements. The additive measures of LA mechanics are the standard
deviation of time-to-peak strain (TP-SD), computed as the SD of the time to the maximal
deformation of each strain curve, and the dispersion of time-to-peak longitudinal strain
(dTP-LS), calculated as the maximal difference in the TPLS of the 12 atrial segments (6 LA
segments from the 4-chamber view and 6 segments from the 2-chamber view) [20]. Large
values of TP-SD or dTP-LS are suggestive of a high grade of LA asynchrony in AF patients.

2.5. Risk of Bias Assessment

The articles included in this systematic review were assessed for risk of bias (RoB)
using the National Institutes of Health (NIH) Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies [21]. All the studies were assigned a “yes”, “no”, or
“other” to each of the 14 criteria outlined in the appraisal tool. Notably, for each study
included in the present systematic review, when the single criterion was satisfied, we
assigned a “yes”; when it was not satisfied, we assigned a “no”; and when it was not
evaluated, we assigned a “not specified (NS)”. Then, by considering each criterion, the
investigators evaluated the overall quality of the study and assigned an overall “good”
(met 11-14 criteria), “fair” (met 6-10 criteria), or “poor” (met 0-5 criteria) rating to each
study. The quality rating was independently estimated by two authors (A.S. and G.L.N.).
Disagreement was resolved by consensus.

The PRISMA flow diagram used for identifying the included studies is depicted in
Figure 1.
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Figure 1. Flow diagram used for identifying the included studies. ECV, electrical cardioversion; STE,
speckle tracking echocardiography.

3. Results

The initial search yielded a total of 737 studies. Of those, 37 (5%) were removed as
duplicates. After screening titles and abstracts, a further 680 studies (92.3%) were removed
on the basis of the exclusion criteria. The evaluation of the full text of the remaining
20 studies (2.7%) resulted in a further 8 exclusions (1.1%). A total of 12 studies (1.6%)
[22-33] were thus included in this systematic review, totaling 880 AF patients.

The clinical characteristics and main findings of the included studies are summarized
in Table 1.

Table 1. Summary and main findings of the included studies; 2D, two-dimensional; 3D, three-
dimensional; AF, atrial fibrillation; ECV, electrical cardioversion; NS, not specified; STE, speckle
tracking echocardiography.

S‘tud'y Name, Popu'latlon Mean Study Imaging ECV Success Follow-Up AF Recurrence
Publication Year, and Size Age Design Method Rate (%) (Months) Rate (%)
Country (% Males) (Years) & ¢ ¢

Kaya E.B. et al. (2008), . 2D-echo and
Turkey [22] 22 (36.4) 63.9 Prospective 2D-STE 100 0.33 NS
Rondano E. et al. (2010), . 2D-echo and
Ttaly [23] 130 (63.6) 67.5 Prospective 2D-STE 100 12 53
Dell’Era G. et al. (2010), . 2D-echo and
Ttaly [24] 73 (55) 71.6 Prospective 2D-STE 100 1 56.1
Shaikh A.Y. et al. (2012), . 2D-echo and
USA [25] 41 (70.7) 64.5 Prospective 2D-STE 100 6 34
Doruchowska A. et al. . 2D-echo and
(2014), Poland [26] 80 (66.2) 64.5 Prospective 2D-STE 76.2 6 68.8
Costa C. et al. (2016), . 2D-echo and
Spain [27] 56 (64) 67 Retrospective 2D-STE 88 3 5
Cameli M. et al. (2017), . 2D-echo and
Ttaly [28] 79 (73.4) 70.8 Prospective 2D-STE 100 0 NS
Soulat-Dufour L. et al. . 3D-echo and
(2019), France [29] 48 (76) 65 Prospective 3D-STE 65.8 6 479
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The included studies were published between 2008 and 2023. Five studies were
performed in Italy, and one in Turkey, the USA, Poland, Spain, France, Sweden, and
Germany. Nine studies (75% of the total) had a prospective design, whereas the remaining
three (25% of the total) were retrospective.

Concerning LA strain assessment, the great majority of studies (83.3% of the total)
performed two-dimensional (2D)-TTE implemented with STE analysis, whereas only two
studies (16.7% of the total) measured LA strain parameters by three-dimensional (3D)-STE.
Ten studies analyzed myocardial strain parameters by using the General Electric (GE)
software (Vivid 7 or 9), while the remaining two studies used the Philips software (EPIQ or
Sparq system).

The pooled success rate of ECV was 91.5%, ranging from 65.8% to 100%. During
a median follow-up of 5.4 months (range 0.3-12 months), 35.2% of the patients (range
5-68.8% of total) experienced AF recurrence.

Table 2 reports all the baseline demographic, anthropometric, clinical, laboratory, and
echocardiographic parameters collected by the included studies in AF patients scheduled
for ECV.

Table 2. All the baseline demographic, anthropometric, clinical, laboratory, and echocardiographic
parameters collected by the included studies in AF patients scheduled for ECV. The data are expressed
as median and IQR. ACEi, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; A-P,
antero-posterior; ARBs, angiotensin receptor blockers; BB, beta blockers; BMI, body mass index; BNP,
brain natriuretic peptide; CAD, coronary artery disease; CCB, calcium channel blockers; CHA,;DS,-
VASc, Congestive heart failure or left ventricular dysfunction, Hypertension, Age > 75 years, Diabetes,
Stroke/TIA, Vascular disease, Age 65-74 years, and Sex category; CRP, C-reactive protein; EV,
emptying velocity; FV, filling velocity; HF, heart failure; IQR, interquartile range; LA, left atrial;
LAA, left atrial appendage; LAAT, left atral appendage thrombosis; LASr, left atrial reservoir strain;
LAVi, left atrial volume indexed; LVEDD, left ventricular end-diastolic diameter; LVEDVi, left
ventricular end-diastolic volume indexed; LVEEF, left ventricular ejection fraction; NOACs, novel oral
anticoagulants; NT-proBNP, N-terminal pro-brain natriuretic peptide; RASr, right atrial reservoir
strain; RAVi, right atrial volume indexed; RWT, relative wall thickness; sPAP, systolic pulmonary
artery pressure; SR, strain rate; TAPSE, tricuspid annular plane systolic excursion; TIA, transient
ischemic attack; TP-SD, standard deviation of time-to-peak strain; VKAs, Vitamin K antagonists.

Average Value Number of Studies for
(IQR) Parameters Assessed (%)
Demographics
Age (years) 66.9 (55-72) 12 (100)
Male sex (%) 64.6 (36.4-83.7) 12 (100)
Anthropometrics

BMI (Kg/m?) 28.5 (22.9-32.9) 10 (83.3)
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Table 2. Cont.

Average Value

(IQR)

Number of Studies for
Parameters Assessed (%)

Cardiovascular risk factors
and cardiovascular disease

burden

Hypertension (%) 65.1 (20.9-88.7) 11 (91.7)
Smokers (%) 25.9 (20-33.6) 5(41.7)
Dyslipidemia (%) 48.7 (22-66) 6 (50)
Type 2 diabetes (%) 19.5 (4.7-28) 10 (83.3)
CAD history (%) 19.5(2.3-51.2) 8 (66.7)
TIA /stroke history (%) 9.9 (2.4-17.6) 6 (50)
HF history (%) 24.2 (041) 3(25)
Clinical and laboratory data

AF duration (months) 2.9 (0.03-5.7) 7 (58.3)
Heart rate (bpm) 97 (81-113) 5(41.7)
CHA,DS,-Vasc score 2.6 (0.7-3.8) 7 (58.3)
BNP (pg/mL) 116 (105-205) 3(25)
NT-proBNP (pg/mL) 1271 (1200-1409) 3(25)
CRP (mg/dL) 0.6 (0.3-1) 3(25)
2D-TTE parameters

LA A-P diameter (mm) 45.3 (44.1-46) 5(41.7)
LAVi (ml/m?) 429 (31.3-58.5) 10 (83.3)
LVEDD (mm) 51.2 (49-52.8) 5(41.7)
RWT 0.40 (0.37-0.41) 3(25)
LVEDVi (ml/m?) 49.5 (42.2-57) 5(41.7)
LVEF (%) 53.5 (49.9-59.6) 12 (100)
E/e’ ratio 10.9 (9-12.9) 5(41.7)
TAPSE (mm) 18.6 (18.2-19) 2 (16.7)
RAVi (ml/m?) 32.2(29.3-35) 2 (16.7)
sPAP (mmHg) 35.4 (33-37.7) 2 (16.7)
2D-TEE parameters

LAA-EV (cm/s) 40.7 (26-48.7) 3(25)
LAA-FV (cm/s) 44.3 (32-54.7) 3(25)
LAAT (%) 11.6 (7.1-16) 2 (16.7)
STE indices

Peak systolic LASr (%) 11.4 (6.2-17.7) 12 (100)
Peak systolic LA-SR (s~ 2.4 (1.65-3.2) 2(16.7)
LA TP-SD (%) 17.5 (16.3-18.7) 2 (16.7)
Peak systolic LAA strain (%) 9.4 (9.2-9.65) 2 (16.7)
Peak systolic LAA SR (s~ 1) 2 (1.79-2.2) 2 (16.7)
Peak systolic RASr (%) 12.1 (7.2-17) 2 (16.7)
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Table 2. Cont.

Average Value Number of Studies for

(IQR) Parameters Assessed (%)

Current medical treatment

VKAs/NOACs (%) 71.9 (25-92) 6 (50)
Antiplatelets (%) 27.7 (0-73.2) 4 (33.3)
ACEi/ARBs (%) 50.1 (18.6-60.6) 6 (50)
CCB (%) 32.5(23.4-41.5) 2 (16.7)
BB (%) 47.5 (20.9-65.8) 7 (58.3)
Digoxin (%) 24.1 (9.7-51.5) 3(25)
Amiodarone (%) 30.2 (19.5-37) 4 (33.3)
(Co/loa)lss IC antiarrhythmic drugs 32.7 (18.2-47.2) 2(167)
Diuretics (%) 45.7 (33-52.8) 3(25)
Statins (%) 34.3 (15-53.6) 2 (16.7)

The AF patients examined by the included studies had a mean age of 66.9 years
(range 55-72 years) and were predominantly males (64.6% of total). The prevalence of
hypertension and dyslipidemia among the AF patients was 65.1% and 48.7%, respectively,
whereas smoking and type 2 diabetes were less frequently detected, in 25.9% and 19.5%
of the AF patients, respectively. The average CHA;DS,-Vasc score was 2.6 (range 0.7-3.8),
indicating a high risk for thromboembolic complications. The estimated mean AF duration
was 2.9 months (range 0.03-5.7 months). The average heart rate on electrocardiogram
(ECG) was 97 bpm (range 81-113 bpm).

The three studies that analyzed biochemical parameters in AF patients before ECV
showed a moderate increase in the serum NT-proBNP levels and a mild increase in the
serum CRP levels.

On conventional TTE, the AF patients were found with mild-to-moderate LA enlarge-
ment, normal biventricular cavity size, and mild biventricular systolic dysfunction, as
assessed by LVEF (average value < 55%) and TAPSE (average value < 20 mm), respec-
tively; the E/e’ ratio (average value < 13) excluded elevated LVFPs; and finally, the systolic
pulmonary artery pressure (average value > 35 mmHg) was slightly increased.

With regard to TEE parameters, a mild reduction in the average LAA emptying and
filling velocities was documented in AF patients by three studies, whereas LAAT was
reported in 11.6% of the AF patients (range 7.1-16%) by two studies.

LASr was calculated with a “biplane method” by seven studies (58.3% of the to-
tal), while in the remaining five studies (41.7% of the total), LASr was obtained from
the apical four-chamber view (“monoplane” method). At baseline, regardless of the
method employed for LA mechanics assessment (biplane or monoplane), the AF patients
were uniformly diagnosed with a severe peak systolic LASr impairment in comparison
to the accepted reference values (>39%) [34,35]. Notably, the average LASr value was
11.4% (range 6.2-17.7%).

Intra- and inter-rater variability analysis for LASr assessment, expressed as intraclass
correlation coefficients with their 95% confidence intervals, was performed by eight studies
(66.7% of the total). The reproducibility of atrial strain measurements was fair-to-good in
one study [31] and good-to-excellent in the remaining seven studies.

Some authors identified, among the AF patients before ECV, an increased LA asyn-
chrony, quantified as large values of TP-SD [23,24] or dTP-LS [26], that significantly im-
proved after a successful ECV.
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LASr =12%

The two studies that evaluated LAA deformation in AF [22-30] observed a significant
attenuation of the peak systolic LAA strain and SR values. A concomitant impairment of
right atrial reservoir strain (RASr) was detected by two authors [29,33].

A strong linear correlation between LASr and LAA emptying velocities [22], between
LA peak-to-peak SR and both LAA filling and emptying velocities [30], and between LASr
and LAA systolic strain and SR values [22-30] was demonstrated. LASr/left atrial volume
index (LAVi) < 0.08 [27], LASr < 8.1% [28] or <9.1% [30] showed the highest sensitivity and
specificity for predicting reduced LAA emptying velocities and/or LAAT in AF patients
undergoing ECV. A prolonged atrial stunning following ECV was reported in the patients
with previous AF history [31] and in the patients with heart failure with preserved ejection
fraction (HFpEF) [32].

Figure 2 illustrates the representative examples of LASr calculation from the apical
four-chamber view in a patient with persistent AF of greater than 3 months’ duration
and previous AF history planned for ECV (Panel A), and in a healthy individual without
AF (Panel B).

Overall, in the AF patients who were successfully cardioverted, ECV determined a
significant decrease in bi-atrial volumes [29] and a concomitant improvement in LASr [32],
LAA strain [22], and RASr [29], leading to reverse bi-atrial remodeling.

ECYV failure was independently predicted by reduced LASr in absolute value and in
relation to LAVi [27], and previous AF history [31], whereas the prior use of statins was
found to be a predictor of a successful ECV [26].

LASr = 39.3%

Figure 2. Representative examples of LASr calculation from the apical 4-chamber view in a patient
with persistent AF of greater than 3 months” duration and previous AF history planned for ECV
(Panel (A)), and in a healthy individual without AF (Panel (B)). The longitudinal strain curves of
the seven atrial segments are depicted with different colors. The dotted line indicates the average
atrial longitudinal strain. The yellow line indicates the LASr magnitude. In the present case, the
peak systolic LASr obtained in the patient with AF duration > 6 months and previous AF history
was severely impaired in comparison to the healthy control without AF and to the accepted reference
values. Moreover, the nonhomogeneous distribution of the regional atrial strain curves indicated
significant LA asynchrony in AF patients. AF, atrial fibrillation; ECV, electrical cardioversion; LA, left
atrial; LASr, left atrial reservoir strain.

The included studies also showed a prognostic risk stratification for AF recurrence
in the AF patients who underwent ECV. The main independent predictors of AF relapse
after ECV over follow-up period were (1) LA asynchrony, quantified as increased TP-
SD of regional atrial strains [23,24] or TP-LS [26] before ECV; (2) reduced difference be-
tween post- and pre-ECV LASr [25,33]; (3) previous AF history [31]; (4) reduced LASr
(cut-off <10%) and RASr magnitude (cut-off < 15%) at baseline [33].
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Information regarding the current medical treatment was provided by a percentage of
studies ranging from 16.7% to 58.3% of the total. At baseline, two-thirds of the AF patients
were treated with oral anticoagulants and approximately half of the patients received
angiotensin-converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARBs),
beta blockers, and diuretics, while one-third of the total were prescribed with antiplatelets,
calcium channel blockers, digoxin, antiarrhythmic drugs, and statins.

With regard to the RoB assessment, the NIH quality rating was estimated as fair for six
studies and good for six studies (Table 3). The Cohen’s Kappa coefficient for the agreement
between the reviewers in the RoB assessment was interpreted as a substantial agreement,
k =0.80.

Table 3. Quality assessment of the included studies. Q1: Was the research question or objective in
this paper clearly stated? Q2: Was the study population clearly specified and defined? Q3: Was the
participation rate of eligible persons at least 50%? Q4: Were all the subjects selected or recruited from
the same or similar populations (including the same time period)? Were inclusion and exclusion
criteria for being in the study prespecified and applied uniformly to all participants? Q5: Was a sample
size justification, power description, or variance and effect estimates provided? Q6: For the analyses
in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?
Q7: Was the timeframe sufficient so that one could reasonably expect to see an association between
exposure and outcome if it existed? Q8: For exposures that can vary in amount or level, did the study
examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or
exposure measured as continuous variable)? Q9: Were the exposure measures (independent variables)
clearly defined, valid, reliable, and implemented consistently across all study participants? Q10: Was
the exposure(s) assessed more than once over time? Q11: Were the outcome measures (dependent
variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
Q12: Were the outcome assessors blinded to the exposure status of participants? Q13: Was loss to
follow-up after baseline 20% or less? Q14: Were key potential confounding variables measured and
adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)? Good:
met 11-14 criteria; Fair: met 6-10 criteria; Poor: met 0-5 criteria. NIH = National Institutes of Health;
NS, not specified.

NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies

Study Name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Quality
Kaya E.B. et al. [22] Yes Yes Yes Yes No Yes Yes No Yes Yes Yes NS Yes No 10 (Fair)
Rondano E. et al. [23] Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes NS Yes No 11 (Good)
Dell’Era G. et al. [24] Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes NS Yes No 11 (Good)
Shaikh A.Y. et al. [25] Yes Yes Yes Yes No Yes Yes No Yes Yes Yes NS Yes No 10 (Fair)
Doruchowska A.etal. [26] Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes No 12 (Good)
Costa C. et al. [27] Yes Yes Yes Yes No Yes Yes Yes Yes No Yes Yes NS No 10 (Fair)
Cameli M. et al. [28] Yes Yes Yes  Yes No Yes Yes No  Yes No Yes Yes NS No 9 (Fair)
Soulat-Dufour L.etal. [29] Yes Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes No 11 (Good)
Sonaglioni et al. [30] Yes Yes Yes  Yes No Yes Yes No Yes No Yes Yes No No 9 (Fair)
Arvanitis P. et al. [31] Yes Yes Yes Yes No Yes Yes No Yes Yes Yes Yes Yes Yes 12 (Good)
von Roeder M. et al. [32] Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes NS Yes Yes 12 (Good)
Tomaselli M. et al. [33] Yes Yes Yes Yes No Yes Yes No Yes Yes Yes NS No Yes 10 (Fair)

4. Discussion
4.1. Main Findings of the Present Systematic Review

The present systematic review, which analyzed 12 studies performed over a 15-year
period, highlighted the high feasibility and reproducibility of strain echocardiographic
imaging for assessing LA mechanics in AF patients planned for ECV. LA function was
predominantly assessed by using a biplane method, with low inter-vendor variability
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(two vendors). AF patients undergoing ECV were found with a mild LA enlargement on
2D-TTE and a significant LASr impairment on STE analysis. The procedure was effective
in more than 90% of the cases. However, approximately one-third of the AF patients
experienced AF recurrence over a median follow-up of 5.4 months.

The included studies demonstrated the incremental diagnostic and prognostic role of
LASr assessed by strain echocardiographic imaging in AF patients scheduled for ECV for
noninvasively detecting a significant dysfunction of the atrio-auricular complex and for
predicting AF recurrences over the follow-up period. Indeed, LASr magnitude was found
to independently correlate with LAA flow velocities and LAA strain, and to independently
predict ECV success and AF recurrences after ECV: the lowest was the pre-ECV LASr value,
and the highest was the pro-thrombotic risk, the rate of cardioversion failure, and the
probability of AF relapse during a short- to mid-term follow-up.

4.2. Pathophysiological Mechanisms of Atrial Structural Remodeling

AF patients generally develop an LA structural remodeling, characterized by the
progressive increase in the collagen content and a decrease in atrial myocytes within the
atrial wall [36]. This process produces LA fibrosis, dysfunction, and enlargement, initiated
and maintained by the cardiovascular risk factors and cardiovascular disease burden and
strongly correlated with AF duration [37,38]. The increase in collagen fibers constitutes
electrical barriers, causing delayed electromechanical conduction and the asynchronous
propagation of electrical activation, which contributes to the sustainability and persistence
of atrial arrhythmia [39-41].

LASr is the most important marker of the structural atrial remodeling. It is inversely
correlated with the degree of myocardial fibrosis, as demonstrated in cardiac magnetic
resonance (CMR) studies [42,43]. Thus, a reduced LA strain is a marker of fibrous atria
with decreased contractile capacity [44].

Due to the strong correlation between LA and LAA function [22,30], LASr impairment
may indirectly reflect low LAA flow velocities and reduced LAA deformation on TEE,
potentially identifying, among AF patients, those with increased thromboembolic risk [45].
Indeed, the replacement of healthy atrial tissue with fibrotic tissue in AF can lead to
reduced atrial contractile function and blood stasis, thus contributing to the process of
thrombus formation [45-47].

The significant impairment of LASr in AF patients undergoing ECV, detected by the
included studies, was in alignment with the published literature [48-50].

It is noteworthy that the AF-related structural remodeling may also affect the right
atrium [51,52]. The two echocardiographic studies that evaluated RASr in AF patients
planned for ECV confirmed that persistent AF was associated with bi-atrial enlargement
and bi-atrial dysfunction [29,33].

The increased serum NT-proBNP levels observed in AF patients by 25% of the included
studies were likely related to the atrial wall stress secondary to the increased LVFPs [53,54].
Arvanitis P et al. [31] demonstrated that interleukin-6, high-sensitivity cardiac-troponin-
T, NT-proBNP, prothrombin fragment 1 + 2, and fibrinogen decreased significantly after
effective ECV, indicating that the increase in all these inflammatory, cardiac, and coagulation
biomarkers was a direct consequence of AF [55-58].

4.3. Atrial Reverse Remodeling

The restoration of sinus rhythm after a successful ECV was associated with the re-
covery of LA mechanical synchrony (as expressed by TP-SD decrease) [24] and bi-atrial
reverse remodeling, characterized by the gradual decrease in the bi-atrial size and the
concomitant progressive increase in the bi-atrial reservoir strain [25,29]. The increased
values of LASr after effective ECV resulted from improved LA filling; however, as previ-
ously demonstrated [49,59], the mean LASr did not normalize completely after a successful
ECV. This process, defined as “atrial stunning”, is characterized by the impairment of LA
mechanics, which reaches a maximum immediately after ECV and improves progressively
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within 4 to 6 weeks; however, this phenomenon is highly variable depending on the AF
duration, the atrial size, and the coexistence of structural heart disease [25,48]. Notably,
atrial stunning has been found to be prolonged in HFpEF patients [32]. Moreover, some
authors have reported that LA contractility can remain modestly impaired until a 3-year
follow-up period [60,61].

Structural atrial reverse remodeling, primarily characterized by a significant reduction
in LA size, may also be quantified by other noninvasive imaging modalities, such as
computed tomography [62] and CMR [63].

Antihypertensive drugs, particularly ACEi or ARBs and spironolactone, may promote
atrial reverse remodeling, resulting in a significant LA size reduction and decreased amount
of fibrosis [64,65]. Nonmedical interventions, such as dietary modification, physical activ-
ity, and weight loss, may also contribute to a reduction in LA size and improvement in
LA function [66].

4.4. Predictors of Cardioversion Failure or Success

The high ECV success rate detected by the included studies was consistent with the
literature data [67,68]. Cardioversion failure was predicted by reduced LASr in absolute
value and in relation to LAVi [27]. This finding would suggest that a more extensive
LA fibrotic remodeling negatively affects ECV results. Another factor associated with an
unsuccessful ECV was the previous AF history [33]. A plausible explanation for the ECV
unsuccess in patients with a prior AF history is a slower reverse remodeling likely related
to irreversible structural remodeling occurring after previous episodes of AF [69,70].

Other previously reported predictors of ECV failure are male gender [71], advanced
age [72], high body weight [73] and high body surface area [74], diabetes [75], low estimated
glomerular filtration rate [76], CHA,;DS,-VASc score > 2 [77], left ventricular systolic
dysfunction [78], larger LAVi [3], increased LVFPs [79], and AF duration > 3 months [80].

Consistent with the literature data [81-83], AF duration < 3 months, pre-treatment
with amiodarone, and the prior use of statins were found by the included studies to be
independently associated with ECV success. The favorable effect of statins in limiting AF
recurrences could be attributed to their pleiotropic properties [84]. ECV success may also
be expected in patients with paroxysmal AF [85], flutter thythm [86], young age [86], and
when using biphasic waveform [85].

4.5. Predictors of AF Recurrence

The present systematic review confirmed that LAVi, a conventional TTE-derived index
of LA size, did not improve the identification of patients at risk for AF recurrence after
ECV [87]. Indeed, it was not associated with the recurrence of AF after elective ECV [33].
The lack of predictive power of LAVi in AF patients scheduled for ECV could be explained
by the superior ability of LASr to detect the subclinical impairment of the LA myocardium,
regardless of LA size [88]. Differently from LAVi, a low pre-ECV LASr magnitude was
found to be independently associated with AF recurrence over follow-up. This finding
was also observed by a number of echocardiographic studies that assessed LASr after a
successful ECV in AF patients who maintained sinus rhythm vs. those who experienced AF
recurrence over a follow-up period, not included in the present systematic review [89-94].
Importantly, the reduced difference between post- and pre-ECV LASr was measured in AF
patients who experienced AF relapses after ECV [25,33].

LASr is a reliable surrogate of atrial fibrosis, which has been found to show a good
correlation with both histology [95,96] and regional late gadolinium enhancement find-
ings [48,97]. LASr impairment is a marker of AF-induced atrial cardiomyopathy, character-
ized by early interstitial collagen deposition leading to increased LA fibrosis and stiffness.
These microstructural changes generally occur before LA enlargement and may be detected
early by strain echocardiographic imaging [98]. Several concomitant pathophysiological
conditions, such as mitral valve disease, hypertension, CAD, and cardiomyopathies may
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contribute to the chronicity of LV afterload elevation, causing an increase in LVFPs and
leading to progressive LA dysfunction and enlargement [99-101] (Figure 3).

The included studies identified the amount of LA dyssynchrony, a LASr surrogate,
quantified as TP-SD or dTP-LS of atrial strain, as an independent predictor of AF recur-
rence at 1-year follow-up [23,24,26], thus indicating that alterations in local atrial con-
duction properties, caused by interstitial fibrosis, are the fundamental mechanism in
AF recurrence [102].

Atrial remodeling has been shown to involve simultaneously both the RA and the
LA. Interestingly, Tomaselli M et al. [33] demonstrated that the patients who experienced
AF recurrence had a more unfavorable RA remodeling, characterized by larger right atrial
(RA) volume and lower RA strain values, compared with the patients who maintained SR.
Moreover, RASr impairment was found to independently predict AF recurrence after ECV,
irrespective of LASr magnitude.

Pathophysiological mechanisms of LA remodeling in persistent AF patients

Hypertension Diabetes Smoking

| B

Agein Mitral valve
EEIE % disease
1 atrial fibrosis
Male sex Cardiomyopathies

LA dilatation

Figure 3. The pathophysiological mechanisms underpinning LASr impairment in persistent AF
patients. AF, atrial fibrillation; LA, left atrial; LASr, left atrial reservoir strain.

AF recurrence after ECV has been previously associated also with advanced age [85],
increased BMI [103], larger LAVi [104], higher E /e’ ratio [105], increased serum levels of
NT-proBNP [54], previous ECV [106], and long-standing persistent AF [106].

Table 4 summarizes all the principal independent predictors of ECV failure, AF relapse
after ECV, and ECV success, assessed by the included studies and scientific literature.
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Table 4. Main independent predictors of electrical cardioversion failure, atrial fibrillation relapse
after effective electrical cardioversion, and electrical cardioversion success, assessed by the included
studies and scientific literature. AF, atrial fibrillation; BMI, body mass index; BSA, body surface area;
dTP-LS, dispersion of time-to-peak longitudinal strain; ECV, electrical cardioversion; eGFR, estimated
glomerular filtration rate; LA, left atrial; LASr, left atrial reservoir strain; LAVi, left atrial volume
indexed; LV, left ventricular; NT-proBNP, N-terminal pro-brain natriuretic peptide; RASr, right atrial
reservoir strain; TP-SD, standard deviation of time-to-peak strain.

Predictors of
ECV failure

Male gender, advanced age, high body weight/BSA, diabetes, low eGFR, increased NT-proBNP,
CHA,DS,-VASc score > 2, LV systolic dysfunction, larger LAV, increased E/e’ ratio, LASr impairment,
previous AF history, and AF duration > 3 months.

Predictors of
AF relapse

Advanced age, increased BMI, increased NT-proBNP, increased E/e’ ratio, larger LAVi, LASr
impairment, large TP-SD/dTP-LS, RASr impairment, previous ECV, and long-standing persistent AF.

Predictors of
ECV success

Young age, paroxysmal AF, flutter rhythm, AF duration < 3 months, pre-treatment with antiarrhythmic
agents, prior use of statins, use of biphasic waveform, normal LA size, and preserved LASr magnitude.

4.6. Implications for Clinical Practice

Consistent with previous studies [107-109], the present systematic review confirmed
that 2D-STE is a feasible method for the evaluation of global and regional LA mechanics
in AF patients. Due to the good agreement between GE- and Phillips-derived strain val-
ues [110,111], both vendors may provide a comparable assessment of LA mechanics. LASr
measurement performed in AF was able to yield valuable prognostic information about AF
relapses and the refinement of thromboembolic risk. Given the robust mechanical concor-
dance between LA and LAA function in AF patients undergoing ECV, a possible clinical
implication of this finding is to potentially avoid TEE in patients with severely impaired LA
strain, reflecting advanced atrial cardiomyopathy and decreased LAA flow velocities on
TEE, associated with a thromboembolic state [45,47]. These patients should be treated with
rate-control therapy and oral anticoagulants. On the other hand, the AF patients who are
diagnosed with normal LASr on STE examination have a significantly reduced probability
of being diagnosed with LAA dysfunction on TEE. In those patients, the possibility to
undergo ECV without the preliminary three to four weeks of anticoagulation could be con-
sidered in individual cases, particularly if there is no evidence of elevated thromboembolic
risk score, increased natriuretic peptides, low ejection fraction, and increased LVFPs. This
diagnostic approach based on LASr assessment by STE without subsequent TEE was tested
by our study group during the COVID-19 pandemic as a noninvasive imaging modality
for reducing the COVID-19 infection diffusion [112]. A more comprehensive approach
including both LASr and RASr assessment in AF patients before ECV and a subsequent
re-evaluation of their magnitude post-ECV could allow the clinicians to identify those
patients who may need a closer clinical follow-up.

4.7. A New Method for Identifying Asymptomatic vs. Symptomatic Persistent AF Patients

Recent evidence suggests that most asymptomatic persistent AF patients scheduled
for ECV are elderly males with a circular transverse thoracic shape section, higher burden
of thromboembolic risk, and an echocardiographic profile characterized by hypertensive
hypertrophic cardiomyopathy, moderate LA dilatation, and severe LASr attenuation [113].
Conversely, symptomatic persistent AF patients are generally younger, predominantly
females, with a more concave thoracic conformation due to a narrow antero-posterior
(A-P) thoracic diameter, with lower cardiovascular disease burden, and with no evidence
of structural cardiomyopathy and preserved LA mechanics on echocardiographic exami-
nation [113]. Importantly, a different chest shape conformation may be predictive of the
asymptomatic or the symptomatic persistent AF status. Chest shape may be noninva-
sively assessed by a modified Haller index (MHI), an innovative nonradiological index
obtained by dividing the latero-lateral external thoracic diameter (measured by a rigid ruler
coupled to a level) by the A-P thoracic diameter (measured during conventional TTE as
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the distance between the true apex of the sector and the posterior wall of the descending
aorta, visualized behind the left atrium from the parasternal long-axis view) [114]. An
MHI < 2.5 and/or an A-P thoracic diameter > 18 cm, related to a more circular transverse
thoracic shape section, are responsible for reduced symptom perception in asymptomatic
AF patients, whereas an MHI > 2.5 and/or an A-P thoracic diameter < 13 c¢m, related to
a concave-shaped chest wall conformation, are strongly associated with symptomatic AF
status [113]. A representative example of an elderly asymptomatic persistent AF patient
with a circular transverse thoracic shape section is depicted in Figure 4.

ECG Holter monitoring or implantable device (loop recorder) might preferably be
considered in elderly asymptomatic males with MHI < 2.5 or an A-P thoracic diameter
> 18 cm, with a higher clinical score for thromboembolic risk and with increased comor-
bidity burden. AF patients with a severe attenuation of LA mechanics should undergo
intensive cardioprotective treatment in order to prevent the future occurrence of heart
failure [115,116]. Moreover, hypertension, smoking habit, sedentary life, obesity, and co-
morbidities should be carefully evaluated, since they play a role in disease progression and
are significantly associated with worse survival [117].

+ Length=21cm

Desc Ao

Figure 4. Example of modified Haller index assessment in an elderly male with circular transverse
thoracic shape section, affected by asymptomatic persistent atrial fibrillation. (Panel (A)): L-L thoracic
diameter, measured with the patient in the standing position and with open arms by using a rigid
ruler in centimeters coupled to a level (the measuring device) placed at the distal third of the sternum.
(Panel (B)): A-P thoracic diameter, obtained from the echocardiographic parasternal long-axis view,
as the distance between the true apex of the sector and the posterior wall of the descending thoracic
aorta, visualized behind the left atrium. Ao, aorta; A-P, antero-posterior; Asc, ascending; Desc,
descending; LA; left atrium; L-L, latero-lateral; LV, left ventricle; RV, right ventricle.

4.8. Limitations of the Included Studies

The main limitations of the included studies were their monocentric nature, the
limited number of AF patients analyzed, and the retrospective nature for 25% of them.
In addition, only LAVi, LASr, and LVEF were consistently measured by the included
studies, whereas the great majority of conventional and innovative echocardiographic
parameters were assessed by a limited number of studies, ranging from 16.7% to 41.7%
of the total. The effect of cardiovascular disease burden on LASr in AF patients was
not adequately investigated by the included studies; indeed, approximately half of the
studies did not mention the prevalence of smoking, dyslipidemia, TIA, and/or heart
failure among AF patients. Moreover, the mean follow-up period after ECV was short
(<6 months), with the consequent lack of data concerning a longer follow-up period. Even



J. Clin. Med. 2024, 13, 6296 15 of 21

if only three studies (25% of the total) analyzed the effect of AF on LA mechanics by
performing adjusted analyses for potentially confounding variables such as age and male
sex, both the unadjusted and adjusted data resulted were unbiased. Finally, it is noteworthy
that strain echocardiographic imaging suffers from a number of technical limitations,
such as the dependence on the operator’s experience, on good image quality, on frame
rate, on loading conditions, and finally, on extrinsic mechanical factors, such as the chest
wall conformation [118-120].

5. Conclusions

LASr assessment before ECV may provide useful prognostic information about AF
relapses and improve the refinement of the thromboembolic risk of AF patients scheduled
for ECV.

Impaired LASr before ECV is a strong predictor of pro-thrombotic state, cardioversion
failure, and AF recurrences over short- to mid-term follow-up.

The innovative MHI method may help clinicians identify persistent AF patients with
an increased probability of severe LAS impairment, who need closer follow-up and the
immediate introduction and/or uptitration of intensive cardioprotective treatment.

Author Contributions: Conceptualization, A.S. and G.L.N.; methodology, A.S. and G.L.N; software,
AS,; validation, A.B. and M.L.; formal analysis, A.S.; investigation, A.S.; resources, A.B.; data curation,
A.S.; writing—original draft preparation, A.S.; writing—review and editing, G.L.N., A.B. and M.L,;
visualization, G.L.N., A.B. and M.L.; supervision, M.L. and P.M.; project administration, PM.; funding
acquisition, PM. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Italian Ministry of Health, Ricerca Corrente
IRCCS MultiMedica.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data extracted from the included studies will be publicly available on
Zenodo (https://zenodo.org) accessed on 1 December 2023, pending acceptance by the journal.

Acknowledgments: The authors wish to thank Monica Fumagalli for her graphical support.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomstrom-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A;
Dilaveris, PE.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with
the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of atrial
fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur. Heart J. 2021, 42, 373-498. [CrossRef] [PubMed]

Odutayo, A.; Wong, C.X.; Hsiao, A.J.; Hopewell, S.; Altman, D.G.; Emdin, C.A. Atrial fibrillation and risks of cardiovascular
disease, renal disease, and death: Systematic review and meta-analysis. BM] 2016, 354, i4482. [CrossRef] [PubMed]

Marchese, P.; Bursi, E; Delle Donne, G.; Malavasi, V.; Casali, E.; Barbieri, A.; Melandri, F.; Modena, M.G. Indexed left atrial
volume predicts the recurrence of non-valvular atrial fibrillation after successful cardioversion. Eur. J. Echocardiogr. 2011, 12,
214-221. [CrossRef] [PubMed]

Njoku, A.; Kannabhiran, M.; Arora, R.; Reddy, P.; Gopinathannair, R.; Lakkireddy, D.; Dominic, P. Left atrial volume predicts
atrial fibrillation recurrence after radiofrequency ablation: A meta-analysis. Europace 2018, 20, 33—42. [CrossRef]

Naji, EH.; Alatic, ].; Balevski, I.; Suran, D. Left Atrial Volume Index Predicts Atrial Fibrillation Recurrence after Catheter Ablation
Only in Obese Patients-Brief Report. Diagnostics 2024, 14, 1570. [CrossRef]

Rostagno, C.; Olivo, G.; Comeglio, M.; Bertini, G.; Gensini, G.F,; Galanti, G. Left atrial size changes in patients with paroxysmal
lone atrial fibrillation. An echocardiographic follow-up. Angiology 1996, 47, 797-801. [CrossRef]

Thamilarasan, M.; Klein, A.L. Factors relating to left atrial enlargement in atrial fibrillation: “chicken or the egg” hypothesis. Am.
Heart J. 1999, 137, 381-383. [CrossRef]

Sanfilippo, A.J.; Abascal, V.M.; Sheehan, M.; Oertel, L.B.; Harrigan, P.; Hughes, R.A.; Weyman, A.E. Atrial enlargement as a
consequence of atrial fibrillation. A prospective echocardiographic study. Circulation 1990, 82, 792-797. [CrossRef]


https://zenodo.org
https://doi.org/10.1093/eurheartj/ehaa612
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1136/bmj.i4482
https://www.ncbi.nlm.nih.gov/pubmed/27599725
https://doi.org/10.1093/ejechocard/jeq176
https://www.ncbi.nlm.nih.gov/pubmed/21149290
https://doi.org/10.1093/europace/eux013
https://doi.org/10.3390/diagnostics14141570
https://doi.org/10.1177/000331979604700807
https://doi.org/10.1016/S0002-8703(99)70481-3
https://doi.org/10.1161/01.CIR.82.3.792

J. Clin. Med. 2024, 13, 6296 16 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Psaty, B.M.; Manolio, T.A.; Kuller, L.H.; Kronmal, R.A.; Cushman, M.; Fried, L.P.; White, R.; Furberg, C.D.; Rautaharju, PM.
Incidence of and risk factors for atrial fibrillation in older adults. Circulation 1997, 96, 2455-2461. [CrossRef]

Lim, D.J.; Ambale-Ventakesh, B.; Ostovaneh, M.R.; Zghaib, T.; Ashikaga, H.; Wu, C.; Watson, K.E.; Hughes, T.; Shea, S.; Heckbert,
S.R.; et al. Change in left atrial function predicts incident atrial fibrillation: The Multi-Ethnic Study of Atherosclerosis. Eur. Heart
J. Cardiovasc. Imaging 2019, 20, 979-987. [CrossRef]

Patel, R.B.; Delaney, J.A.; Hu, M.; Patel, H.; Cheng, J.; Gottdiener, J.; Kizer, J.R.; Marcus, G.M.; Turakhia, M.P,; Deo, R.; et al.
Characterization of cardiac mechanics and incident atrial fibrillation in participants of the Cardiovascular Health Study. JCI
Insight 2020, 5, €141656. [CrossRef]

Huber, M.P;; Pandit, ].A.; Jensen, PN.; Wiggins, K.L; Patel, R.B.; Freed, B.H.; Bertoni, A.G.; Shah, S.J.; Heckbert, S.R.; Floyd, ].S.
Left Atrial Strain and the Risk of Atrial Arrhythmias From Extended Ambulatory Cardiac Monitoring: MESA. ]. Am. Heart Assoc.
2022, 11, e026875. [CrossRef] [PubMed]

Cameli, M.; Lisi, M.; Righini, EM.; Mondillo, S. Novel echocardiographic techniques to assess left atrial size, anatomy and
function. Cardiovasc. Ultrasound 2012, 10, 4. [CrossRef] [PubMed]

Park, ].J.; Park, ] H.; Hwang, I1.C.; Park, J.B.; Cho, G.Y.; Marwick, T.H. Left Atrial Strain as a Predictor of New-Onset Atrial
Fibrillation in Patients with Heart Failure. JACC Cardiovasc. Imaging 2020, 13, 2071-2081. [CrossRef] [PubMed]

Beyls, C.; Hermida, A.; Nicolas, M.; Debrigode, R.; Vialatte, A.; Peschanski, J.; Bunelle, C.; Fournier, A.; Jarry, G.; Landemaine, T.;
et al. Left atrial strain analysis and new-onset atrial fibrillation in patients with ST-segment elevation myocardial infarction: A
prospective echocardiography study. Arch. Cardiovasc. Dis. 2024, 117, 266-274. [CrossRef] [PubMed]

Khan, H.R.; Yakupoglu, H.Y,; Kralj-Hans, I.; Haldar, S.; Bahrami, T.; Clague, J.; De Souza, A.; Hussain, W.; Jarman, J.; Jones,
D.G,; et al. Left Atrial Function Predicts Atrial Arrhythmia Recurrence Following Ablation of Long-Standing Persistent Atrial
Fibrillation. Circ. Cardiovasc. Imaging 2023, 16, €015352. [CrossRef]

Mannina, C.; Ito, K.; Jin, Z.; Yoshida, Y.; Russo, C.; Nakanishi, K.; Elkind, M.S.V.; Rundek, T.; Homma, S.; Di Tullio, M.R. Left
Atrial Strain and Incident Atrial Fibrillation in Older Adults. Am. . Cardiol. 2023, 206, 161-167. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

Voigt, ].U.; Malaescu, G.G.; Haugaa, K.; Badano, L. How to do LA strain. Eur. Heart ]. Cardiovasc. Imaging 2020, 21, 715-717.
[CrossRef]

Cho, G.Y;; Jo, S.H.; Kim, M.K,; Kim, H.S.; Park, W.]J.; Choi, Y.J.; Hong, K.S.; Oh, D.]J.; Rhim, C.Y. Left atrial dyssynchrony assessed
by strain imaging in predicting future development of atrial fibrillation in patients with heart failure. Int. ]. Cardiol. 2009, 134,
336-341. [CrossRef]

Ma, L.L.; Wang, Y.Y.; Yang, Z.H.; Huang, D.; Weng, H.; Zeng, X.T. Methodological quality (risk of bias) assessment tools for
primary and secondary medical studies: What are they and which is better? Mil. Med. Res. 2020, 7, 7. [CrossRef] [PubMed]
Kaya, E.B.; Tokgozoglu, L.; Aytemir, K.; Kocabas, U.; Tulumen, E.; Deveci, O.S.; Kose, S.; Kabakci, G.; Nazli, N.; Ozkutlu, H.; et al.
Atrial myocardial deformation properties are temporarily reduced after cardioversion for atrial fibrillation and correlate well
with left atrial appendage function. Eur. . Echocardiogr. 2008, 9, 472—477. [CrossRef] [PubMed]

Rondano, E.; Dell’Era, G.; De Luca, G.; Piccinino, C.; Bellomo, G.; Marino, P.N. Left atrial asynchrony is a major predictor of
1-year recurrence of atrial fibrillation after electrical cardioversion. . Cardiovasc. Med. 2010, 11, 499-506. [CrossRef] [PubMed]
Dell’Era, G.; Rondano, E.; Franchi, E.; Marino, PN.; Novara Atrial Fibrillation Study, G. Atrial asynchrony and function before
and after electrical cardioversion for persistent atrial fibrillation. Eur. . Echocardiogr. 2010, 11, 577-583. [CrossRef] [PubMed]
Shaikh, A.Y,; Maan, A.; Khan, U.A.; Aurigemma, G.P; Hill, ].C.; Kane, J.L.; Tighe, D.A.; Mick, E.; McManus, D.D. Speckle
echocardiographic left atrial strain and stiffness index as predictors of maintenance of sinus rhythm after cardioversion for atrial
fibrillation: A prospective study. Cardiovasc. Ultrasound 2012, 10, 48. [CrossRef] [PubMed]

Doruchowska, A.; Wita, K.; Bochenek, T.; Szydlo, K.; Filipecki, A.; Staron, A.; Wrobel, W.; Krzych, L.; Trusz-Gluza, M. Role of
left atrial speckle tracking echocardiography in predicting persistent atrial fibrillation electrical cardioversion success and sinus
rhythm maintenance at 6 months. Adv. Med. Sci. 2014, 59, 120-125. [CrossRef]

Costa, C.; Gonzalez-Alujas, T.; Valente, F; Aranda, C.; Rodriguez-Palomares, J.; Gutierrez, L.; Maldonado, G.; Galian, L.; Teixido,
G.; Evangelista, A. Left atrial strain: A new predictor of thrombotic risk and successful electrical cardioversion. Echo Res. Pract.
2016, 3, 45-52. [CrossRef]

Cameli, M.; Lunghetti, S.; Mandoli, G.E.; Righini, EM.; Lisi, M.; Curci, V.; Tommaso, C.D.; Solari, M.; Nistor, D.; Gismondi, A.;
et al. Left Atrial Strain Predicts Pro-Thrombotic State in Patients with Non-Valvular Atrial Fibrillation. J. Atr. Fibrillation 2017, 10,
1641. [CrossRef]

Soulat-Dufour, L.; Lang, S.; Ederhy, S.; Ancedy, Y.; Beraud, A.S.; Adavane-Scheuble, S.; Chauvet-Droit, M.; Hammoudi, N.;
Scheuble, A.; Nhan, P; et al. Biatrial remodelling in atrial fibrillation: A three-dimensional and strain echocardiography insight.
Arch. Cardiovasc. Dis. 2019, 112, 585-593. [CrossRef]

Sonaglioni, A.; Lombardo, M.; Nicolosi, G.L.; Rigamonti, E.; Anza, C. Incremental diagnostic role of left atrial strain analysis
in thrombotic risk assessment of nonvalvular atrial fibrillation patients planned for electrical cardioversion. Int. J. Cardiovasc.
Imaging 2021, 37, 1539-1550. [CrossRef]


https://doi.org/10.1161/01.CIR.96.7.2455
https://doi.org/10.1093/ehjci/jez176
https://doi.org/10.1172/jci.insight.141656
https://doi.org/10.1161/JAHA.122.026875
https://www.ncbi.nlm.nih.gov/pubmed/36314499
https://doi.org/10.1186/1476-7120-10-4
https://www.ncbi.nlm.nih.gov/pubmed/22296702
https://doi.org/10.1016/j.jcmg.2020.04.031
https://www.ncbi.nlm.nih.gov/pubmed/32682715
https://doi.org/10.1016/j.acvd.2024.01.002
https://www.ncbi.nlm.nih.gov/pubmed/38423888
https://doi.org/10.1161/CIRCIMAGING.123.015352
https://doi.org/10.1016/j.amjcard.2023.08.060
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1093/ehjci/jeaa091
https://doi.org/10.1016/j.ijcard.2008.08.019
https://doi.org/10.1186/s40779-020-00238-8
https://www.ncbi.nlm.nih.gov/pubmed/32111253
https://doi.org/10.1016/j.euje.2007.07.003
https://www.ncbi.nlm.nih.gov/pubmed/17826354
https://doi.org/10.2459/JCM.0b013e32833757b5
https://www.ncbi.nlm.nih.gov/pubmed/20445461
https://doi.org/10.1093/ejechocard/jeq010
https://www.ncbi.nlm.nih.gov/pubmed/20400765
https://doi.org/10.1186/1476-7120-10-48
https://www.ncbi.nlm.nih.gov/pubmed/23199055
https://doi.org/10.1016/j.advms.2013.10.003
https://doi.org/10.1530/ERP-16-0009
https://doi.org/10.4022/jafib.1641
https://doi.org/10.1016/j.acvd.2019.06.010
https://doi.org/10.1007/s10554-020-02127-6

J. Clin. Med. 2024, 13, 6296 17 of 21

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Arvanitis, P; Johansson, A.K.; Frick, M.; Malmborg, H.; Gerovasileiou, S.; Larsson, E.M.; Blomstrom-Lundqvist, C. Recent-onset
atrial fibrillation: A study exploring the elements of Virchow’s triad after cardioversion. |. Interv. Card. Electrophysiol. 2022, 64,
49-58. [CrossRef] [PubMed]

von Roeder, M.; Blazek, S.; Rommel, K.P; Kresoja, K.P.; Gioia, G.; Mentzel, L.; Lurz, ].A ; Besler, C.; Fengler, K.; Hindricks, G.; et al.
Changes in left atrial function in patients undergoing cardioversion for atrial fibrillation: Relevance of left atrial strain in heart
failure. Clin. Res. Cardiol. 2022, 111, 1028-1039. [CrossRef] [PubMed]

Tomaselli, M.; Badano, L.P.; Cannone, V.; Radu, N.; Curti, E.; Perelli, F.; Heilbron, F.; Gavazzoni, M.; Rella, V.; Oliverio, G.; et al.
Incremental Value of Right Atrial Strain Analysis to Predict Atrial Fibrillation Recurrence After Electrical Cardioversion. J. Am.
Soc. Echocardiogr. 2023, 36, 945-955. [CrossRef] [PubMed]

Pathan, F; D’Elia, N.; Nolan, M.T.; Marwick, T.H.; Negishi, K. Normal Ranges of Left Atrial Strain by Speckle-Tracking
Echocardiography: A Systematic Review and Meta-Analysis. J. Am. Soc. Echocardiogr. 2017, 30, 59-70.e58. [CrossRef] [PubMed]
Nielsen, A.B.; Skaarup, K.G.; Hauser, R.; Johansen, N.D.; Lassen, M.C.H.; Jensen, G.B.; Schnohr, P.; Mogelvang, R.; Biering-
Sorensen, T. Normal values and reference ranges for left atrial strain by speckle-tracking echocardiography: The Copenhagen
City Heart Study. Eur. Heart ]. Cardiovasc. Imaging 2021, 23, 42-51. [CrossRef] [PubMed]

Allessie, M.; Ausma, J.; Schotten, U. Electrical, contractile and structural remodeling during atrial fibrillation. Cardiovasc. Res.
2002, 54, 230-246. [CrossRef]

Jansen, H.J.; Bohne, L.]J.; Gillis, A.M.; Rose, R.A. Atrial remodeling and atrial fibrillation in acquired forms of cardiovascular
disease. Heart Rhythm O2 2020, 1, 147-159. [CrossRef]

Chen, Y.C.; Voskoboinik, A.; Gerche, A.; Marwick, T.H.; McMullen, J.R. Prevention of Pathological Atrial Remodeling and Atrial
Fibrillation: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2021, 77, 2846-2864. [CrossRef]

de Jong, S.; van Veen, T.A.; de Bakker, ].M.; Vos, M.A.; van Rijen, H.V. Biomarkers of myocardial fibrosis. J. Cardiovasc. Pharmacol.
2011, 57, 522-535. [CrossRef]

Ausma, J.; Wijffels, M.; Thone, F; Wouters, L.; Allessie, M.; Borgers, M. Structural changes of atrial myocardium due to sustained
atrial fibrillation in the goat. Circulation 1997, 96, 3157-3163. [CrossRef]

Lopez-Galvez, R.; Rivera-Caravaca, ]. M.; Roldan, V.; Orenes-Pinero, E.; Esteve-Pastor, M.A.; Lopez-Garcia, C.; Saura, D.; Gonzalez,
J.; Lip, G.Y.H.; Marin, F. Imaging in atrial fibrillation: A way to assess atrial fibrosis and remodeling to assist decision-making.
Am. Heart ]. 2023, 258, 1-16. [CrossRef] [PubMed]

Kuppabhally, S.S.; Akoum, N.; Burgon, N.S.; Badger, T.J.; Kholmovski, E.G.; Vijayakumar, S.; Rao, S.N.; Blauer, J.; Fish, EN,;
Dibella, E.V,; et al. Left atrial strain and strain rate in patients with paroxysmal and persistent atrial fibrillation: Relationship to
left atrial structural remodeling detected by delayed-enhancement MRI. Circ. Cardiovasc. Imaging 2010, 3, 231-239. [CrossRef]
[PubMed]

Marrouche, N.E,; Wilber, D.; Hindricks, G.; Jais, P.; Akoum, N.; Marchlinski, F.; Kholmovski, E.; Burgon, N.; Hu, N.; Mont, L.; et al.
Association of atrial tissue fibrosis identified by delayed enhancement MRI and atrial fibrillation catheter ablation: The DECAAF
study. JAMA 2014, 311, 498-506. [CrossRef] [PubMed]

Perez-Riera, A.R.; Barbosa-Barros, R.; Pereira-Rejalaga, L.E.; Nikus, K.; Shenasa, M. Electrocardiographic and Echocardiographic
Abnormalities in Patients with Risk Factors for Atrial Fibrillation. Card. Electrophysiol. Clin. 2021, 13, 211-219. [CrossRef]
[PubMed]

Saha, S.K.; Kiotsekoglou, A. Value of speckle tracking echocardiography for prediction of stroke risk in atrial fibrillation: Time to
spare a stare outside the box? Echocardiography 2018, 35, 589-591. [CrossRef]

Providencia, R.; Trigo, J.; Paiva, L.; Barra, S. The role of echocardiography in thromboembolic risk assessment of patients with
nonvalvular atrial fibrillation. J. Am. Soc. Echocardiogr. 2013, 26, 801-812. [CrossRef]

Kamel, H.; Bartz, TM.; Elkind, M.S.V.; Okin, PM.; Thacker, E.L.; Patton, K.K.; Stein, PK.; deFilippi, C.R.; Gottesman, R.F;
Heckbert, S.R.; et al. Atrial Cardiopathy and the Risk of Ischemic Stroke in the CHS (Cardiovascular Health Study). Stroke 2018,
49, 980-986. [CrossRef]

Di Salvo, G.; Caso, P,; Lo Piccolo, R.; Fusco, A.; Martiniello, A.R.; Russo, M.G.; D’Onofrio, A.; Severino, S.; Calabro, P,; Pacileo, G.;
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, 387-395. [CrossRef]

Schneider, C.; Malisius, R.; Krause, K.; Lampe, F.; Bahlmann, E.; Boczor, S.; Antz, M.; Ernst, S.; Kuck, K.H. Strain rate imaging for
functional quantification of the left atrium: Atrial deformation predicts the maintenance of sinus rhythm after catheter ablation of
atrial fibrillation. Eur. Heart J. 2008, 29, 1397-1409. [CrossRef]

Hammerstingl, C.; Schwekendiek, M.; Momcilovic, D.; Schueler, R.; Sinning, ].M.; Schrickel, ] W.; Mittmann-Braun, E.; Nickenig,
G.; Lickfett, L. Left atrial deformation imaging with ultrasound based two-dimensional speckle-tracking predicts the rate of
recurrence of paroxysmal and persistent atrial fibrillation after successful ablation procedures. J. Cardiovasc. Electrophysiol. 2012,
23, 247-255. [CrossRef]

Prabhu, S.; Voskoboinik, A.; McLellan, A.J.A.; Peck, K.Y.; Pathik, B.; Nalliah, C.J.; Wong, G.R.; Azzopardi, S.M.; Lee, G.; Mariani,
J.; et al. A comparison of the electrophysiologic and electroanatomic characteristics between the right and left atrium in persistent
atrial fibrillation: Is the right atrium a window into the left? J. Cardiovasc. Electrophysiol. 2017, 28, 1109-1116. [CrossRef] [PubMed]


https://doi.org/10.1007/s10840-021-01078-9
https://www.ncbi.nlm.nih.gov/pubmed/34689250
https://doi.org/10.1007/s00392-021-01982-0
https://www.ncbi.nlm.nih.gov/pubmed/34932171
https://doi.org/10.1016/j.echo.2023.05.011
https://www.ncbi.nlm.nih.gov/pubmed/37302440
https://doi.org/10.1016/j.echo.2016.09.007
https://www.ncbi.nlm.nih.gov/pubmed/28341032
https://doi.org/10.1093/ehjci/jeab201
https://www.ncbi.nlm.nih.gov/pubmed/34632487
https://doi.org/10.1016/S0008-6363(02)00258-4
https://doi.org/10.1016/j.hroo.2020.05.002
https://doi.org/10.1016/j.jacc.2021.04.012
https://doi.org/10.1097/FJC.0b013e31821823d9
https://doi.org/10.1161/01.CIR.96.9.3157
https://doi.org/10.1016/j.ahj.2022.12.007
https://www.ncbi.nlm.nih.gov/pubmed/36526006
https://doi.org/10.1161/CIRCIMAGING.109.865683
https://www.ncbi.nlm.nih.gov/pubmed/20133512
https://doi.org/10.1001/jama.2014.3
https://www.ncbi.nlm.nih.gov/pubmed/24496537
https://doi.org/10.1016/j.ccep.2020.10.002
https://www.ncbi.nlm.nih.gov/pubmed/33516399
https://doi.org/10.1111/echo.14005
https://doi.org/10.1016/j.echo.2013.05.010
https://doi.org/10.1161/STROKEAHA.117.020059
https://doi.org/10.1161/CIRCULATIONAHA.104.463125
https://doi.org/10.1093/eurheartj/ehn168
https://doi.org/10.1111/j.1540-8167.2011.02177.x
https://doi.org/10.1111/jce.13297
https://www.ncbi.nlm.nih.gov/pubmed/28730651

J. Clin. Med. 2024, 13, 6296 18 of 21

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Gunturiz-Beltran, C.; Nunez-Garcia, M.; Althoff, T.F; Borras, R.; Figueras, L. V.R.M.; Garre, P; Caixal, G.; Prat-Gonzalez, S.;
Perea, R.J.; Benito, E.M.; et al. Progressive and Simultaneous Right and Left Atrial Remodeling Uncovered by a Comprehensive
Magnetic Resonance Assessment in Atrial Fibrillation. J. Am. Heart Assoc. 2022, 11, €026028. [CrossRef] [PubMed]

Inoue, S.; Murakami, Y.; Sano, K.; Katoh, H.; Shimada, T. Atrium as a source of brain natriuretic polypeptide in patients with
atrial fibrillation. J. Card. Fail. 2000, 6, 92-96. [CrossRef] [PubMed]

Sanna, T.; Sonaglioni, A.; Pieroni, M.; Dello Russo, A.; Pelargonio, G.; Casella, M.; Zichichi, E.; La Torre, G.; Narducci, M.L,;
Bellocci, F. Baseline NT-Pro-BNP levels and arrhythmia recurrence in outpatients undergoing elective cardioversion of persistent
atrial fibrillation: A survival analysis. Indian Pacing Electrophysiol. ]. 2009, 9, 15-24. [PubMed]

Kallergis, E.M.; Manios, E.G.; Kanoupakis, E.M.; Mavrakis, H.E.; Kolyvaki, S.G.; Lyrarakis, G.M.; Chlouverakis, G.I.; Vardas,
P.E. The role of the post-cardioversion time course of hs-CRP levels in clarifying the relationship between inflammation and
persistence of atrial fibrillation. Heart 2008, 94, 200-204. [CrossRef]

Lippi, G.; Picanza, A.; Formentini, A.; Bonfanti, L.; Cervellin, G. The concentration of troponin I is increased in patients with
acute-onset atrial fibrillation. Int. J. Cardiol. 2014, 173, 579-580. [CrossRef]

Lip, G.Y.; Lowe, G.D.; Rumley, A.; Dunn, FG. Fibrinogen and fibrin D-dimer levels in paroxysmal atrial fibrillation: Evidence for
intermediate elevated levels of intravascular thrombogenesis. Am. Heart ]. 1996, 131, 724-730. [CrossRef]

Sohara, H.; Amitani, S.; Kurose, M.; Miyahara, K. Atrial fibrillation activates platelets and coagulation in a time-dependent
manner: A study in patients with paroxysmal atrial fibrillation. J. Am. Coll. Cardiol. 1997, 29, 106-112. [CrossRef]

Thomas, L.; McKay, T.; Byth, K.; Marwick, T.H. Abnormalities of left atrial function after cardioversion: An atrial strain rate study.
Heart 2007, 93, 89-95. [CrossRef]

Nishino, M.; Hoshida, S.; Tanouchi, J.; Ito, T.; Kato, J.; Iwai, K.; Tanahashi, H.; Hori, M.; Yamada, Y.; Kamada, T. Time to recover
from atrial hormonal, mechanical, and electrical dysfunction after successful electrical cardioversion of persistent atrial fibrillation.
Am. ]. Cardiol. 2000, 85, 1451-1454. [CrossRef]

Thomas, L.; Boyd, A.; Thomas, S.P.; Schiller, N.B.; Ross, D.L. Atrial structural remodelling and restoration of atrial contraction
after linear ablation for atrial fibrillation. Eur. Heart J. 2003, 24, 1942-1951. [CrossRef] [PubMed]

Wolf, F.; Ourednicek, P.; Loewe, C.; Richter, B.; Gossinger, H.D.; Gwechenberger, M.; Plank, C.; Schernthaner, R.E.; Toepker, M.;
Lammer, J.; et al. Evaluation of left atrial function by multidetector computed tomography before left atrial radiofrequency-
catheter ablation: Comparison of a manual and automated 3D volume segmentation method. Eur. J. Radiol. 2010, 2, e141-e146.
[CrossRef] [PubMed]

Therkelsen, S.K.; Groenning, B.A.; Svendsen, ].H.; Jensen, G.B. Atrial and ventricular volume and function evaluated by magnetic
resonance imaging in patients with persistent atrial fibrillation before and after cardioversion. Am. . Cardiol. 2006, 97, 1213-1219.
[CrossRef] [PubMed]

Boldt, A.; Scholl, A.; Garbade, J.; Resetar, M.E.; Mohr, EW.; Gummert, J.E.; Dhein, S. ACE-inhibitor treatment attenuates atrial
structural remodeling in patients with lone chronic atrial fibrillation. Basic. Res. Cardiol. 2006, 101, 261-267. [CrossRef]
Williams, R.S.; deLemos, J.A.; Dimas, V.; Reisch, J.; Hill, J.A.; Naseem, R.H. Effect of spironolactone on patients with atrial
fibrillation and structural heart disease. Clin. Cardiol. 2011, 34, 415-419. [CrossRef]

Thomas, L.; Abhayaratna, W.P. Left Atrial Reverse Remodeling: Mechanisms, Evaluation, and Clinical Significance. JACC
Cardiovasc. Imaging 2017, 10, 65-77. [CrossRef]

Boriani, G.; Diemberger, L; Biffi, M.; Domenichini, G.; Martignani, C.; Valzania, C.; Branzi, A. Electrical cardioversion for
persistent atrial fibrillation or atrial flutter in clinical practice: Predictors of long-term outcome. Int. J. Clin. Pract. 2007, 61,
748-756. [CrossRef]

Nguyen, S.T.; Belley-Cote, E.P,; Ibrahim, O.; Um, K.J.; Lengyel, A.; Adli, T.; Qiu, Y.; Wong, M.C.; Sibilio, S.; Benz, A.P.; et al.
Techniques improving electrical cardioversion success for patients with atrial fibrillation: A systematic review and meta-analysis.
Europace 2023, 25, 318-330. [CrossRef]

Lenart-Migdalska, A.; KazZnica-Wiatr, M.; Drabik, L.; Knap, K.; Smas-Suska, M.; Podolec, P.P.; Olszowska, PM. Assessment of Left
Atrial Function in Patients with Paroxysmal, Persistent, and Permanent Atrial Fibrillation using Two-Dimensional Strain. J. Atr.
Fibrillation 2019, 12, 2148. [CrossRef]

Akkaya, E.; Berkowitsch, A.; Rieth, A.; Erkapic, D.; Hamm, C.W.; Neumann, T.; Kuniss, M. Clinical outcome and left atrial
function after left atrial roof ablation using the cryoballoon technique in patients with symptomatic persistent atrial fibrillation.
Int. J. Cardiol. 2019, 292, 112-118. [CrossRef]

Lip, G.Y.H.; Merino, ].L.; Banach, M.; Al-Saady, N.; Jin, J.; Melino, M.; Winters, S.M.; Koziel, M.; Goette, A. Clinical factors related
to successful or unsuccessful cardioversion in the EdoxabaN versus warfarin in subjectS UndeRgoing cardiovErsion of Atrial
Fibrillation (ENSURE-AF) randomized trial. . Arrhythm. 2020, 36, 430-438. [CrossRef] [PubMed]

Gronberg, T.; Hartikainen, J.E.; Nuotio, I.; Biancari, F.; Vasankari, T.; Nikkinen, M.; Ylitalo, A.; Airaksinen, K.E. Can we predict
the failure of electrical cardioversion of acute atrial fibrillation? The FinCV study. Pacing Clin. Electrophysiol. 2015, 38, 368-375.
[CrossRef] [PubMed]

Elhendy, A.; Gentile, F; Khandheria, B.K.; Hammill, S.C.; Gersh, B.J.; Bailey, K.R.; Montgomery, S.; Burger, K.; Seward, J.B.
Predictors of unsuccessful electrical cardioversion in atrial fibrillation. Am. . Cardiol. 2002, 89, 83-86. [CrossRef] [PubMed]


https://doi.org/10.1161/JAHA.122.026028
https://www.ncbi.nlm.nih.gov/pubmed/36216438
https://doi.org/10.1016/S1071-9164(00)90010-1
https://www.ncbi.nlm.nih.gov/pubmed/10908082
https://www.ncbi.nlm.nih.gov/pubmed/19165355
https://doi.org/10.1136/hrt.2006.108688
https://doi.org/10.1016/j.ijcard.2014.03.113
https://doi.org/10.1016/S0002-8703(96)90278-1
https://doi.org/10.1016/S0735-1097(96)00427-5
https://doi.org/10.1136/hrt.2006.088609
https://doi.org/10.1016/S0002-9149(00)00793-1
https://doi.org/10.1016/j.ehj.2003.08.018
https://www.ncbi.nlm.nih.gov/pubmed/14585253
https://doi.org/10.1016/j.ejrad.2010.03.020
https://www.ncbi.nlm.nih.gov/pubmed/20430558
https://doi.org/10.1016/j.amjcard.2005.11.040
https://www.ncbi.nlm.nih.gov/pubmed/16616028
https://doi.org/10.1007/s00395-005-0571-2
https://doi.org/10.1002/clc.20914
https://doi.org/10.1016/j.jcmg.2016.11.003
https://doi.org/10.1111/j.1742-1241.2007.01298.x
https://doi.org/10.1093/europace/euac199
https://doi.org/10.4022/jafib.2148
https://doi.org/10.1016/j.ijcard.2019.04.091
https://doi.org/10.1002/joa3.12341
https://www.ncbi.nlm.nih.gov/pubmed/32528568
https://doi.org/10.1111/pace.12561
https://www.ncbi.nlm.nih.gov/pubmed/25534241
https://doi.org/10.1016/S0002-9149(01)02172-5
https://www.ncbi.nlm.nih.gov/pubmed/11779532

J. Clin. Med. 2024, 13, 6296 19 of 21

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Alegret, ].M.; Vifiolas, X.; Sagrista, J.; Hernandez-Madrid, A.; Pérez, L.; Sabaté, X.; Mont, L.; Medina, A.; REVERSE Study
Investigators. Predictors of success and effect of biphasic energy on electrical cardioversion in patients with persistent atrial
fibrillation. Europace 2007, 9, 942-946. [CrossRef] [PubMed]

Ebert, M.; Stegmann, C.; Kosiuk, J.; Dinov, B.; Richter, S.; Arya, A.; Miissigbrodt, A.; Sommer, P.; Hindricks, G.; Bollmann, A.
Predictors, management, and outcome of cardioversion failure early after atrial fibrillation ablation. Europace 2018, 20, 1428-1434.
[CrossRef]

Hellman, T.; Kiviniemi, T.; Vasankari, T.; Nuotio, I.; Biancari, F.; Bah, A.; Hartikainen, J.; Makirdinen, M.; Airaksinen, K.E.
Prediction of ineffective elective cardioversion of atrial fibrillation: A retrospective multi-center patient cohort study. BMC
Cardiovasc. Disord. 2017, 17, 33. [CrossRef]

Vitali, F; Serenelli, M.; Airaksinen, J.; Pavasini, R.; Tomaszuk-Kazberuk, A.; Mlodawska, E.; Jaakkola, S.; Balla, C.; Falsetti, L.;
Tarquinio, N.; et al. CHA2DS2-VASc score predicts atrial fibrillation recurrence after cardioversion: Systematic review and
individual patient pooled meta-analysis. Clin. Cardiol. 2019, 42, 358-364. [CrossRef]

Kwon, S.; Lee, E.; Ju, H.; Ahn, HJ.; Lee, S.R.; Choi, EK.; Suh, J.; Oh, S.; Rhee, W. Machine Learning Prediction for the Recurrence
After Electrical Cardioversion of Patients with Persistent Atrial Fibrillation. Korean Circ. J. 2023, 53, 677-689. [CrossRef]
Melduni, R.M.; Cullen, M.W. Role of Left Ventricular Diastolic Dysfunction in Predicting Atrial Fibrillation Recurrence after
Successful Electrical Cardioversion. J. Atr. Fibrillation 2012, 5, 654. [CrossRef]

Fornengo, C.; Antolini, M.; Frea, S.; Gallo, C.; Grosso Marra, W.; Morello, M.; Gaita, F. Prediction of atrial fibrillation recurrence
after cardioversion in patients with left-atrial dilation. Eur. Heart |. Cardiovasc. Imaging 2015, 16, 335-341. [CrossRef]

Frick, M.; Frykman, V.; Jensen-Urstad, M.; Ostergren, ]J.; Rosenqvist, M. Factors predicting success rate and recurrence of
atrial fibrillation after first electrical cardioversion in patients with persistent atrial fibrillation. Clin. Cardiol. 2001, 24, 238-244.
[CrossRef] [PubMed]

Fauchier, L.; Pierre, B.; de Labriolle, A.; Grimard, C.; Zannad, N.; Babuty, D. Antiarrhythmic effect of statin therapy and atrial
fibrillation a meta-analysis of randomized controlled trials. J. Am. Coll. Cardiol. 2008, 51, 828-835. [CrossRef] [PubMed]
Disertori, M.; Lombardji, E; Barlera, S.; Latini, R.; Maggioni, A.P.; Zeni, P,; Di Pasquale, G.; Cosmi, F.; Franzosi, M.G.; Investigators,
G.-A. Clinical predictors of atrial fibrillation recurrence in the Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico-Atrial Fibrillation (GISSI-AF) trial. Am. Heart J. 2010, 159, 857-863. [CrossRef] [PubMed]

Olivieri, F.; Mazzanti, I.; Abbatecola, A.M.; Recchioni, R.; Marcheselli, F; Procopio, A.D.; Antonicelli, R. Telomere /Telomerase
system: A new target of statins pleiotropic effect? Curr. Vasc. Pharmacol. 2012, 10, 216-224. [CrossRef] [PubMed]

Pisters, R.; Nieuwlaat, R.; Prins, M.H.; Le Heuzey, ].Y.; Maggioni, A.P.; Camm, A ].; Crijns, H.].; Euro Heart Survey Investigators.
Clinical correlates of immediate success and outcome at 1-year follow-up of real-world cardioversion of atrial fibrillation: The
Euro Heart Survey. Europace 2012, 14, 666—674. [CrossRef]

Van Gelder, 1.C; Crijns, H.J.; Van Gilst, W.H.; Verwer, R.; Lie, K.I. Prediction of uneventful cardioversion and maintenance of
sinus rhythm from direct-current electrical cardioversion of chronic atrial fibrillation and flutter. Am. J. Cardiol. 1991, 68, 41—46.
[CrossRef]

Volgman, A.S.; Soble, ].S.; Neumann, A.; Mukhtar, K.N.; Iftikhar, F.; Vallesteros, A.; Liebson, P.R. Effect of left atrial size on
recurrence of atrial fibrillation after electrical cardioversion: Atrial dimension versus volume. Am. |. Card. Imaging 1996, 10,
261-265.

Nielsen, A.B.; Skaarup, K.G.; Djernaes, K.; Hauser, R.; San Jose Estepar, R.; Sorensen, S.K.; Ruwald, M.H.; Hansen, M.L.; Worck,
R.H.; Johannessen, A.; et al. Left atrial contractile strain predicts recurrence of atrial tachyarrhythmia after catheter ablation. Int. J.
Cardiol. 2022, 358, 51-57. [CrossRef]

Wang, T.; Wang, M.; Fung, JW.; Yip, GW.; Zhang, Y.; Ho, P.P; Tse, D.M.; Yu, C.M.; Sanderson, J.E. Atrial strain rate echocar-
diography can predict success or failure of cardioversion for atrial fibrillation: A combined transthoracic tissue Doppler and
transoesophageal imaging study. Int. J. Cardiol. 2007, 114, 202-209. [CrossRef]

Marino, P.N.; Degiovanni, A.; Baduena, L.; Occhetta, E.; Dell’Era, G.; Erdei, T.; Fraser, A.G.; Novara Atrial Fibrillation Study,
G. Non-invasively estimated left atrial stiffness is associated with short-term recurrence of atrial fibrillation after electrical
cardioversion. J. Cardiol. 2017, 69, 731-738. [CrossRef]

Moreno-Ruiz, L.A.; Madrid-Miller, A.; Martinez-Flores, J.E.; Gonzalez-Hermosillo, J.A.; Arenas-Fonseca, ].; Zamorano-Velazquez,
N.; Mendoza-Perez, B. Left atrial longitudinal strain by speckle tracking as independent predictor of recurrence after electrical
cardioversion in persistent and long standing persistent non-valvular atrial fibrillation. Int. |. Cardiovasc. Imaging 2019, 35,
1587-1596. [CrossRef] [PubMed]

Walek, P.; Ciesla, E.; Gorczyca, I.; Wozakowska-Kaplon, B. Left atrial wall dyskinesia assessed during contractile phase as a
predictor of atrial fibrillation recurrence after electrical cardioversion performed due to persistent atrial fibrillation. Medicine 2020,
99, €23333. [CrossRef] [PubMed]

Karaliute, R.; Leleika, A.; Apanaviciute, I.; Kazakevicius, T.; Mizariene, V.; Zabiela, V.; Kavoliuniene, A.; Ragaisyte, N.; Urboniene,
D.; Sakalyte, G. Risk Factors of Early Atrial Fibrillation Recurrence Following Electrical Cardioversion When Left Ventricular
Ejection Fraction Is Preserved. Medicina 2022, 58, 1053. [CrossRef] [PubMed]


https://doi.org/10.1093/europace/eum107
https://www.ncbi.nlm.nih.gov/pubmed/17545688
https://doi.org/10.1093/europace/eux327
https://doi.org/10.1186/s12872-017-0470-0
https://doi.org/10.1002/clc.23147
https://doi.org/10.4070/kcj.2023.0012
https://doi.org/10.4022/jafib.654
https://doi.org/10.1093/ehjci/jeu193
https://doi.org/10.1002/clc.4960240313
https://www.ncbi.nlm.nih.gov/pubmed/11288971
https://doi.org/10.1016/j.jacc.2007.09.063
https://www.ncbi.nlm.nih.gov/pubmed/18294568
https://doi.org/10.1016/j.ahj.2010.02.016
https://www.ncbi.nlm.nih.gov/pubmed/20435196
https://doi.org/10.2174/157016112799305076
https://www.ncbi.nlm.nih.gov/pubmed/22022767
https://doi.org/10.1093/europace/eur406
https://doi.org/10.1016/0002-9149(91)90707-R
https://doi.org/10.1016/j.ijcard.2022.04.056
https://doi.org/10.1016/j.ijcard.2006.01.051
https://doi.org/10.1016/j.jjcc.2016.07.013
https://doi.org/10.1007/s10554-019-01597-7
https://www.ncbi.nlm.nih.gov/pubmed/30993507
https://doi.org/10.1097/MD.0000000000023333
https://www.ncbi.nlm.nih.gov/pubmed/33285712
https://doi.org/10.3390/medicina58081053
https://www.ncbi.nlm.nih.gov/pubmed/36013520

J. Clin. Med. 2024, 13, 6296 20 of 21

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Moreno-Ruiz, L.A.; Chavez-Sanchez, L.; Vazquez-Gonzalez, W.; Madrid-Miller, A.; Zamorano-Velazquez, N.; Martinez-Flores, E.;
Wacher-Rodarte, N.; Gonzalez-Hermosillo, A.; Blanco-Favela, F. Post-cardioversion time Course of Atrial Remodeling Markers
and their Association with Recurrence in Subjects with Long-standing, Persistent Atrial Fibrillation. Arch. Med. Res. 2022, 53,
673-679. [CrossRef]

Her, A.Y,; Choi, E.Y,; Shim, C.Y,; Song, B.W,; Lee, S.; Ha, ] W.; Rim, S.J.; Hwang, K.C.; Chang, B.C.; Chung, N. Prediction of left
atrial fibrosis with speckle tracking echocardiography in mitral valve disease: A comparative study with histopathology. Korean
Circ. J. 2012, 42, 311-318. [CrossRef]

Lisi, M.; Mandoli, G.E.; Cameli, M.; Pastore, M.C.; Righini, EM.; Benfari, G.; Rubboli, A.; D’Ascenzi, F.; Focardi, M.; Tsioulpas,
C.; et al. Left atrial strain by speckle tracking predicts atrial fibrosis in patients undergoing heart transplantation. Eur. Heart ].
Cardiovasc. Imaging 2022, 23, 829-835. [CrossRef]

Kowallick, J.T.; Kutty, S.; Edelmann, E; Chiribiri, A.; Villa, A.; Steinmetz, M.; Sohns, ].M.; Staab, W.; Bettencourt, N.; Unterberg-
Buchwald, C.; et al. Quantification of left atrial strain and strain rate using Cardiovascular Magnetic Resonance myocardial
feature tracking: A feasibility study. J. Cardiovasc. Magn. Reson. 2014, 16, 60. [CrossRef]

Sonaglioni, A.; Nicolosi, G.L.; Rigamonti, E.; Lombardo, M.; La Sala, L. Molecular Approaches and Echocardiographic Deforma-
tion Imaging in Detecting Myocardial Fibrosis. Int. J. Mol. Sci. 2022, 23, 10944. [CrossRef]

Zaid, R.R.; Barker, C.M,; Little, S.H.; Nagueh, S.F. Pre- and post-operative diastolic dysfunction in patients with valvular heart
disease: Diagnosis and therapeutic implications. J. Am. Coll. Cardiol. 2013, 62, 1922-1930. [CrossRef]

Chin, CW.L; Everett, R].; Kwiecinski, J.; Vesey, A.T.; Yeung, E.; Esson, G.; Jenkins, W.; Koo, M.; Mirsadraee, S.; White, A.C.; et al.
Myocardial Fibrosis and Cardiac Decompensation in Aortic Stenosis. JACC Cardiovasc. Imaging 2017, 10, 1320-1333. [CrossRef]
Aalaei-Andabili, S.H.; Bavry, A.A. Left Ventricular Diastolic Dysfunction and Transcatheter Aortic Valve Replacement Outcomes:
A Review. Cardiol. Ther. 2019, 8, 21-28. [CrossRef] [PubMed]

Spach, M.S.; Dolber, P.C. Relating extracellular potentials and their derivatives to anisotropic propagation at a microscopic level
in human cardiac muscle. Evidence for electrical uncoupling of side-to-side fiber connections with increasing age. Circ. Res. 1986,
58,356-371. [CrossRef] [PubMed]

Ligero, C.; Bazan, V.; Guerra, ].M.; Rodriguez-Mafero, M.; Vifiolas, X.; Alegret, ].M. Influence of body mass index on recurrence
of atrial fibrillation after electrical cardioversion. PLoS ONE 2023, 18, €0291938. [CrossRef] [PubMed]

Raniga, D.; Goda, M.; Hattingh, L.; Thorning, S.; Rowe, M.; Howes, L. Left atrial volume index: A predictor of atrial fibrillation
recurrence following direct current cardioversion—A systematic review and meta-analysis. Int. J. Cardiol. Heart Vasc. 2024, 51,
101364. [CrossRef] [PubMed]

Karaliute, R.; Jureviciute, J.; Jurgaityte, J.; Rimkute, A.; Mizariene, V.; Baksyte, G.; Kazakevicius, T.; Urboniene, D.; Kavoliuniene,
A. The Predictive Value of Tissue Doppler Indices for Early Recurrence of Atrial Fibrillation After Electrical Cardioversion. Clin.
Interv. Aging 2020, 15, 1917-1925. [CrossRef]

Thangjui, S.; Yodsuwan, R.; Thyagaturu, H.; Navaravong, L.; Zoltick, J. A Prognostic Score to Predict Atrial fibrillation Recurrence
After External Electrical Cardioversion-SLAC Score. Crit. Pathw. Cardiol. 2022, 21, 194-200. [CrossRef]

Providencia, R.; Faustino, A.; Ferreira, M.J.; Goncalves, L.; Trigo, J.; Botelho, A.; Barra, S.; Boveda, S. Evaluation of left atrial
deformation to predict left atrial stasis in patients with non-valvular atrial fibrillation—A pilot-study. Cardiovasc. Ultrasound 2013,
11, 44. [CrossRef]

Obokata, M.; Negishi, K.; Kurosawa, K.; Tateno, R.; Tange, S.; Arai, M.; Amano, M.; Kurabayashi, M. Left atrial strain provides
incremental value for embolism risk stratification over CHA(2)DS(2)-VASc score and indicates prognostic impact in patients with
atrial fibrillation. J. Am. Soc. Echocardiogr. 2014, 27, 709-716.e704. [CrossRef]

Kupczynska, K.; Michalski, B.W.; Miskowiec, D.; Kasprzak, J.D.; Wejner-Mik, P.; Wdowiak-Okrojek, K.; Lipiec, P. Association
between left atrial function assessed by speckle-tracking echocardiography and the presence of left atrial appendage thrombus in
patients with atrial fibrillation. Anatol. . Cardiol. 2017, 18, 15-22. [CrossRef]

Patrianakos, A.P.; Zacharaki, A.A.; Kalogerakis, A.; Solidakis, G.; Parthenakis, F.I.; Vardas, P.E. Two-dimensional global and
segmental longitudinal strain: Are the results from software in different high-end ultrasound systems comparable? Echo Res.
Pract. 2015, 2, 29-39. [CrossRef]

113 Rausch, K.; Shiino, K.; Putrino, A.; Lam, A.K.; Scalia, G.M.; Chan, J. Reproducibility of global left atrial strain and strain
rate between novice and expert using multi-vendor analysis software. Int. ]. Cardiovasc. Imaging 2019, 35, 419-426. [CrossRef]
[PubMed]

Sonaglioni, A.; Lombardo, M.; Nicolosi, G.L.; Gensini, G.F.; Ambrosio, G. Mechanical concordance between left atrium and
left atrial appendage in nonvalvular atrial fibrillation: Can it be exploited to avoid transesophageal echocardiography prior to
electrical cardioversion during COVID-19 pandemic? Int. |. Cardiovasc. Imaging 2022, 38, 351-362. [CrossRef] [PubMed]
Sonaglioni, A.; Grasso, E.; Nicolosi, G.L.; Lombardo, M. Modified Haller Index is inversely associated with asymptomatic status
in atrial fibrillation patients undergoing electrical cardioversion: A preliminary observation. Minerva Cardiol. Angiol. 2024, 72,
190-203. [CrossRef] [PubMed]

Sonaglioni, A.; Baravelli, M.; Vincenti, A.; Trevisan, R.; Zompatori, M.; Nicolosi, G.L.; Lombardo, M.; Anza, C. A New modified
anthropometric haller index obtained without radiological exposure. Int. . Cardiovasc. Imaging 2018, 34, 1505-1509. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.arcmed.2022.09.006
https://doi.org/10.4070/kcj.2012.42.5.311
https://doi.org/10.1093/ehjci/jeab106
https://doi.org/10.1186/s12968-014-0060-6
https://doi.org/10.3390/ijms231810944
https://doi.org/10.1016/j.jacc.2013.08.1619
https://doi.org/10.1016/j.jcmg.2016.10.007
https://doi.org/10.1007/s40119-019-0134-5
https://www.ncbi.nlm.nih.gov/pubmed/30847743
https://doi.org/10.1161/01.RES.58.3.356
https://www.ncbi.nlm.nih.gov/pubmed/3719925
https://doi.org/10.1371/journal.pone.0291938
https://www.ncbi.nlm.nih.gov/pubmed/37738256
https://doi.org/10.1016/j.ijcha.2024.101364
https://www.ncbi.nlm.nih.gov/pubmed/38426114
https://doi.org/10.2147/CIA.S263303
https://doi.org/10.1097/HPC.0000000000000295
https://doi.org/10.1186/1476-7120-11-44
https://doi.org/10.1016/j.echo.2014.03.010
https://doi.org/10.14744/AnatolJCardiol.2017.7613
https://doi.org/10.1530/ERP-14-0070
https://doi.org/10.1007/s10554-018-1453-7
https://www.ncbi.nlm.nih.gov/pubmed/30229344
https://doi.org/10.1007/s10554-021-02414-w
https://www.ncbi.nlm.nih.gov/pubmed/34537932
https://doi.org/10.23736/S2724-5683.23.06446-3
https://www.ncbi.nlm.nih.gov/pubmed/38127440
https://doi.org/10.1007/s10554-018-1366-5
https://www.ncbi.nlm.nih.gov/pubmed/29766334

J. Clin. Med. 2024, 13, 6296 21 of 21

115.

116.

117.

118.

119.

120.

Potter, E.L.; Ramkumar, S.; Kawakami, H.; Yang, H.; Wright, L.; Negishi, T.; Marwick, T.H. Association of Asymptomatic Diastolic
Dysfunction Assessed by Left Atrial Strain with Incident Heart Failure. JACC Cardiovasc. Imaging 2020, 13, 2316-2326. [CrossRef]
[PubMed]

Inciardi, R.M.; Claggett, B.; Minamisawa, M.; Shin, S.H.; Selvaraj, S.; Gongalves, A.; Wang, W.; Kitzman, D.; Matsushita, K,;
Prasad, N.G.; et al. Association of Left Atrial Structure and Function with Heart Failure in Older Adults. J. Am. Coll. Cardiol. 2022,
79, 1549-1561. [CrossRef]

Chung, M.K; Eckhardt, L.L.; Chen, L.Y.; Ahmed, H.M.; Gopinathannair, R.; Joglar, J.A.; Noseworthy, P.A.; Pack, Q.R.; Sanders, P;
Trulock, K.M.; et al. Lifestyle and Risk Factor Modification for Reduction of Atrial Fibrillation: A Scientific Statement From the
American Heart Association. Circulation 2020, 141, €750—e772. [CrossRef]

Negishi, T.; Negishi, K.; Thavendiranathan, P.; Cho, G.Y.; Popescu, B.A.; Vinereanu, D.; Kurosawa, K.; Penicka, M.; Marwick, T.H.;
Investigators, S. Effect of Experience and Training on the Concordance and Precision of Strain Measurements. JACC Cardiovasc.
Imaging 2017, 10, 518-522. [CrossRef]

Rosner, A.; Barbosa, D.; Aarsaether, E.; Kjonas, D.; Schirmer, H.; D’'Hooge, J. The influence of frame rate on two-dimensional
speckle-tracking strain measurements: A study on silico-simulated models and images recorded in patients. Eur. Heart ].
Cardiovasc. Imaging 2015, 16, 1137-1147. [CrossRef]

Sonaglioni, A.; Nicolosi, G.L.; Granato, A.; Bonanomi, A.; Rigamonti, E.; Lombardo, M. Influence of chest wall conformation on
reproducibility of main echocardiographic indices of left ventricular systolic function. Minerva Cardiol. Angiol. 2024, 72, 111-124.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jcmg.2020.04.028
https://www.ncbi.nlm.nih.gov/pubmed/32771583
https://doi.org/10.1016/j.jacc.2022.01.053
https://doi.org/10.1161/CIR.0000000000000748
https://doi.org/10.1016/j.jcmg.2016.06.012
https://doi.org/10.1093/ehjci/jev058
https://doi.org/10.23736/S2724-5683.23.06475-X

	Introduction 
	Materials and Methods 
	Search Strategy 
	Eligibility Criteria 
	Study Selection and Data Extraction 
	Left Atrial Reservoir Strain Assessment 
	Risk of Bias Assessment 

	Results 
	Discussion 
	Main Findings of the Present Systematic Review 
	Pathophysiological Mechanisms of Atrial Structural Remodeling 
	Atrial Reverse Remodeling 
	Predictors of Cardioversion Failure or Success 
	Predictors of AF Recurrence 
	Implications for Clinical Practice 
	A New Method for Identifying Asymptomatic vs. Symptomatic Persistent AF Patients 
	Limitations of the Included Studies 

	Conclusions 
	References

