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Abstract

Background and purpose: Atrial fibrillation (AF) has a progressive nature, leading to structural, functional, and electrical changes in the
left atrium (LA). Enhanced response to treatment in patients with AF can be achieved through improved knowledge of atrial structure and
a better understanding of its function. The aim of this study was to assess LA strain and its determinants in patients with paroxysmal (PAF),

persistent (PsAF), and permanent AF (PmAF).

Methods: Fifty-eight patients with registered non-valvular AF were divided into 3 groups depending on the type of AF. The participants
underwent transthoracic echocardiography to assess the anatomy and function of heart chambers. Left atrial longitudinal strain (LALS) was
measured in four-chamber projections using two-dimensional speckle tracking echocardiography.

Results: Patients with PAF had higher LALS (15.7+12.0) when compared to those with PsAF (4.317.9) and PmAF (5.847.8, all P=0.003).
Multiple linear regression showed that the independent predictors of LALS were diastolic blood pressure (3=0.95, R>=0.88) in the PAF group;
left atrial area (B=-0.56) and creatinine (B=-0.63, R?>=0.58) in the PsAF group; AF duration (3=0.89) in the PmAF group (R?=0.72).

Conclusions: LA strain has different determinants depending on AF type. LA size, renal function, and AF duration determine LALS in long-
lasting AF. LA strain is a simple and accurate technique to estimate LA dysfunction in patients with long-lasting AF.

Introduction

Atrial fibrillation (AF) is one of the most common cardiac
arrhythmias in clinical practice. AF has a progressive nature, leading
to structural, functional, and electrical changes in the left atrium.
Previous studies have shown that AF begins as paroxysmal in nature,
progresses over time, then becomes chronic as the end result M.
This arrhythmia is characterized by disorganized atrial muscular
activation without effective atrial contraction. During AF, the atrial
pump function is lost due to asynchronous atrial contraction 2.

Cardiac imaging plays a critical role in the assessment of AF
and helps to determine treatment options. Additionally, it helps to
identify states that predispose to the development and progression
of AF. Cardiac imaging enables early identification of left ventricular
(LV) dysfunction or valvular heart disease . It also complements
the clinical evaluation, provides AF prognosis, and supports the
decision-making process with regard to rhythm strategy (rate control

Key Words
Atrial Fibrillation, Echocardiography, Left Atrial Strain, Left Atrial
Function, Speckle-Tracking.

Corresponding Author

Aleksandra Lenart-Migdalska,

Department of Cardiac and Vascular Diseases, Institute of Cardiology, John Paul II Hospital,
Pradnicka str.80, 31-202 Krakow, Poland.

or rthythm control). All of these features make echocardiography the
most commonly used imaging technique in the evaluation of AF
patients B*. Development of new echocardiographic techniques,
such as two-dimensional echocardiographic speckle tracking (STE),
have improved the detailed assessment of myocardial properties.
Global longitudinal strain, evaluated by STE, is a well-validated
parameter used to quantify LV longitudinal function ¥ in sinus
rhythm and in AF %7, Recently, this technique has also been used
in the assessment of regional and global left atrial (LA) function
18101 with good reproducibility Y. The latest European Association
of Cardiovascular Imaging (EACVI)/ European Heart Rhythm
Association (EHRA) Expert Consensus Document considers
LA strain as a promising method which can be used for indirect
measurement of atrial function in AF ©. The EACVI/ American
Society of Echocardiography and Industry Task Force have recently
published a document which standardizes LA strain measurements
[12]

LA strain measurement has prognostic implications in AF patients
(1314 'Widespread clinical adoption of this approach will require the
definition of normal reference ranges in AF patients °l. Recently,
reference ranges for LA strain have been determined in healthy

subjects [15-16],
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To the best of our knowledge, there have been no reports on LA
strain in different types of AF. The aim of this study was to analyze
left atrial longitudinal strain (LALS) and estimate its determinants
in patients with paroxysmal (PAF), persistent (PsAF), and permanent
(PmAF) AF.

Material and Methods

Study patients

Fifty-eight consecutive patients with documented non-valvular
AF, admitted to our department between January and July 2017,
were enrolled in a prospective study. According to current practice
guidelines, we divided patients into 3 groups depending of AF type.
Patients with PAF had self-terminating AF episodes lasting up to
7 days. Those with episodes lasting longer than 7 days or requiring
cardioversion for termination were in the PsAF group. PmAF was
defined as AF which was chronic and accepted by the patient and
physician 7).

Exclusion criteria were as follows: left ventricular ejection fraction
(LVEF) <30%, severe valvular heart defect, prosthetic heart valves,
unstable coronary artery disease (unstable angina pectoris or
acute myocardial infarction within the last 30 days), uncontrolled
hypertension (= 160/100mmHg), stroke (<3 months), recent
thromboembolic event (<3 months), congenital heart disease, and
chronic kidney disease of stage 4 or more.

We wused a standardized questionnaire to collect patient
demographic data and information about cardiovascular risk factors
and current treatment ¥, The CHA DS, -VASc score was used for
evaluation of risk of stroke or systemic embolism 1. Bleeding risk

was estimated using the HAS-BLED score 7).

Standard echocardiographic evaluation
All  patients
using a Philips EPIQ_7 ultrasound machine with synchronous

underwent  transthoracic  echocardiography
electrocardiogram recording. The measurements were averaged from
3 consecutive cardiac cycles in AF patients while in sinus rhythm and

from 5 consecutive cardiac cycles during AF.

LA anatomy was evaluated according to EACVI and EHRA
guidelines [©22U, We measured LA anteroposterior diameter (LA
AP) using the parasternal long-axis window. LA length, width, area
(LAA), and volume (LAV) were determined in the apical 4-chamber
(A4C) and apical 2-chamber views. LAV was calculated using the
biplane area-length method. Right atrial (RA) longitudinal and
short-axis diameters, area, and volume were measured in the A4C
view. Measurements were indexed to body surface area (BSA).

LVEF was measured using the biplane Simpson method. LV
diastolic function was evaluated by E-velocity deceleration time
(EDT), E-wave velocity, ¢’-velocity, and E/¢’ ratio. Tricuspid annular
plane systolic excursion and peak systolic velocity of the tricuspid
annulus were measured to assess right ventricular (RV) function.

Speckle tracking echocardiography

LA strain was measured using two-dimensional STE 2. Care

was taken to obtain true apical images. Five consecutive A4C cardiac
cycles were stored with a frame rate of at least 60 frames per second
in cine-loop format and then analyzed offline. LA endocardial border
was manually traced in A4C, thus delineating a region of interest
(ROI). After visually verifying the quality of tracking and eventual
manual adjustment of the ROI, the software automatically calculated
the average of 7 LA segments and generated time-longitudinal strain
curves. Examples of the technique are shown in [Figure 1].

Intra-observer and inter-observer variability

Inter-observer variability for all measurements was studied in
a group of 10 randomly selected subjects. Images were analyzed
by 2 independent investigators who were unaware of each other’s
measurements. Inter-observer variability was determined by
repeating the offline measurement of LALS in 10 patients 1 week
apart. Variability values were calculated as the absolute difference
between corresponding measurements in terms of mean percentage.

Statistical analysis

The study was powered to have an 80% chance of detecting a
40% difference in LALS between groups at p = 0.05, and was based
on a previous study 2. In order to demonstrate such a difference
in LALS or greater, 12 patients were required in each group.
Continuous variables were described as mean + standard deviation
or median and interquartile range as appropriate. The Shapiro-Wilk
test was used to verify the normality of distribution. Homogeneity
of variance was verified using Cochran’s test. Means were compared
by univariate analysis of variance followed by the Tukey-Kramer
test, whereas medians were assessed by the Kruskal-Wallis test and
test for multiple comparisons of mean rank. Categorical variables
were presented as percentages and compared using the chi-square

Left atrial longitudinal strain curves.

Two-dimensional strain by speckle tracking echocardiography demonstrating left atrial
longitudinal strain curves and strain numeric values from the apical four-chamber view.

A single cardiac cycle is tracked, the wall of the LA is divided into 7 segments (septal and lateral
wall are divided into: basal, mid and apical segments, and apex) which are color coded.

The dashed curve represents the average atrial longitudinal strain along the cardiac cycle.
Abbreviations: AVC, aortic valve closure.
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IELIH General characteristics of the study population

Demographics

Age (years)

Female sex, n (%)

BMI (kg/m2)

Systolic BP (mmHg)

Diastolic BP (mmHg)

Heart rate (bpm)

Comorbidities and CVD risk factors
Hypertension, n (%)
Hypercholesterolemia, n (%)
Diabetes mellitus, n (%)

Previous myocardial infarction, n (%)
Heart failure, n (%)
Previous cerebrovascular events, n (%)

Chronic kidney disease, n (%)

AF duration (months)

CHA2DS2-VASc score
HAS-BLED score
VKA
NOAC
ACEI
Statin
Beta-blocker

Laboratory parameters
Creatine (UM)

C-reactive protein (mg/L)
NT-proBNP (pg/L)

Paroxysmal AF
n=16

69.6+9.4

13 (76.5)

29.3 (27.7-32.4)
1224 + 4.7

75 (60-80)

63 (60-66)

15(88.2)
16 (94.1)
6 (35.6)
2(11.8)
2(11.8)
2(11.8)
0(0.0)
13 (2-24)
37+19
1.9+0.7
3(17.7)
14 (82.3)
8(47.1)
13 (76.5)
17 (88.2)

774 £16.2
1.2(0.8-1.8)
202 (127-277)

Persistent AF Permanent AF p value
n=14 n=28

66.9 +12.2 74.0+8.0 0.07
5(38.5) 14 (50.0) 0.07
32.3(28.9-35.3) 29.4 (26.8 - 35.0) 0.41
111.7+6.1 120.4+3.6 0.36
74 (70-80) 77 (70-80) 0.45
72 (62-88) 77 (66-84) 0.003t
9(69.2) 26 (92.3) 0.15
11(84.2) 27 (96.4) 0.42
1(7.8) 11(39.3) 0.07
2(15.4) 0(0.0) 0.12
6(46.2) 12 (42.9) 0.06
1(7.8) 6(21.4) 0.44
0(0.0) 4(14.3) 0.10
4 (2-36) 23 (11-51) 0.52
28+20 39+15 0.15
16+1.1 24+08 0.03%
0(0.0) 8(28.6) 0.09
13(92.3) 20 (71.4) 0.09
4(30.1) 19 (67.8) 0.07
10 (76.9) 23(82.4) 0.87
12 (92.3) 22(78.6) 0.46
959 + 16.7 919+ 198 0.01*
2.3(0.8-3.6) 2.1 (1.1-4.1) 0.22
667 (638-981) 1259 (794-1960) 0.07

*p <0.05 paroxysmal vs. persistent AF; tp <0.05; paroxysmal vs. permanent AF; } p <0.05 persistent vs. permanent
Data are presented as mean * SD, median (quartile range), and number (percentage) unless otherwise stated.
Abbreviations: BMI, body mass index; BP, blood pressure; CVD, cardiovascular; VKA, vitamin K antagonists (warfarin, acenocoumarol); NOAC, non-vitamin K antagonist oral anticoagulants; ACEI,

angiotensin-converting enzyme inhibitors; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

20

p=0.003

LALS [%]
=

(&

PAF PSAF PmAF

Left atrial longitudinal strain (LALS) in patients with paroxysmal
(PAF), persistent (PsAF), and permanent (PmAF) atrial fibrillation
are presented as mean values and standard error of mean, p <
0.05 for ANOVA.

test and Fisher’s exact test. To assess linear dependence between
variables, Pearson’s correlation coefficient (for normal distribution) or
Spearman’s rank correlation coefficient (for non-normal distribution)
were calculated. To identify independent predictors of LALS, all
clinical and laboratory variables which associated with LALS in the
univariate model (P < 0.05), but did not significantly correlate (r 2
0.5) with another independent variable, were then included in the
stepwise multiple linear regression analysis. P values less than 0.05
were considered statistically significant. Data were analyzed using

STATISTICA version 13 (Statsoft Inc, Tulsa, OK).

Ethics approval and consent to participate

The study follows the principles of the Declaration of Helsinki.
All study procedures involving human participants were performed
in accordance with ethical standards of the institutional and national
research committee. The study protocol was approved by the local
ethics committee. Written informed consent was obtained from
patients before enrollment.
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Results

Patient characteristics

The study group was comprised of 58 patients with AF [Table
1], including 16 (27.6%) with PAF, 14 (24.1%) with PsAF, and
28 (48.3%) with PmAF. As shown in [Table 1], the prevalence of
cardiovascular risk factors was high, across all AF groups. Most
patients (n=49; 84.4%) were at high risk for stroke (CHA,DS -VASc
score 22). One patient (1.6%) had low stroke risk (score of 0).

Patients with PsAF had a higher HAS-BLED score when
compared with PmAF patients. Patients with PmAF had higher
mean heart rate, BSA-indexed LA volume, lower LVEF, EDT, and a

trend toward higher E/septale ¢’ when compared with PAF patients
[Table 2].

Left atrial strain

Patients with PAF had higher LALS (15.7+12.0) when compared
with PsAF and PmAF patients (4.3£7.9, 5.8+7.8, P=0.003) [Figure
2].

In the subgroup with PAF, LALS positively correlated with EDT
(r=0.60, p=0.02) and E/lateral €’ (r=0.73, p=0.02). In the PsAF group,
LALS negatively correlated with creatinine (r=-0.58; p=0.02). In
PmAF patients, LALS negatively correlated with CHA DS -VASc
score (r=-0.47, p=0.01), HAS-BLED score (r=-0.55, p=0.002), E/
lateral ¢’ (r=-0.51, p=0.05), and positively correlated with lateral ¢’
(r=0.59, p=0.01), LA width (r=0.40, p=0.04), and AF duration
(r=0.89, p=0.02).

In the multiple linear regression model, independent predictors of
LALS were as follows: diastolic blood pressure ($=0.95) in the PAF
group (R?=0.88); LAA (B=-0.56) and creatinine ($=-0.63) in the
PsAF group (R?=0.58); AF duration ($=0.89) in the PmAF group
(R2=0.72) [Table 3].

In the entire AF group, LALS was predicted by LA AP/BSA (B=-
0.39) and creatinine (f=-0.35 (R?=0.27) [Figure 3].

Discussion

Our study shows that LALS depends on the type of AF, with
the lowest values observed in PsAF and PmAF. Depending on AF
type, LALS has various levels of association with kidney function,
hypertension, and arrhythmia duration.

Decreased LALS values in patients with PsAF and PmAF may
reflect progressive LA remodeling and dysfunction, not observed in
the beginning of the disease, as is seen in PAF patients. Another
finding of our study is an association of LA strain with impaired renal
function. LA enlargement (including LAV and LA AP) is frequently
observed in patients with chronic kidney disease linked to persistent
pressure and volume overload 3. Therefore, we believe that LALS
may reflect chronic exposure to hemodynamic overload in patients
with kidney disease. Atrial enlargement is an important marker of LA
structural remodeling and a predictor of AF recurrence ¥. Previous
prospective studies have shown a strong relationship between LA AP
and the risk of new-onset AF 2. In the Framingham study, a 5-mm
increase in LA AP was associated with a 39% higher risk of AF 1242,
In the Cardiovascular Health Study, subjects in sinus rhythm with
LA AP >50 mm had approximately 4 times higher risk of AF 24201,

LALS may help in the early detection of atrial dysfunction and
remodeling and predict AF progression ) which may lead to new
therapies focusing on patients with “early” forms of AF. Atrial
remodeling progresses with collagen deposition in the interstitium,
with consequent alterations in conduction. Hirose et al. showed that
in adults without a history of atrial arrhythmia, a reduction in LA
pump function is associated with structural remodeling and initiation
of AF development #-%]. Impaired LA strain indicates reduced LA

IELPH Echocardiographic characteristics of patients

Whole group Paroxysmal AF

n=58 n=16
LVEF (%) 56 (50-60) 60 (60-65)
LAVI (ml/m?) 47.5 (35.7-53.8) 35.5(34.1-36.7)
LA enlargement, n (%) 45 (76.2) 11 (78.6)
MAPSE (mm) 12 (9.7-16) 16 (11-10)
EDT (ms) 178 (148-232) 232 (176-246)
E (cm/s) 90.2 +23.2 774 +5.6
Septal e’(cm/s) 84+3.0 7.7 £0.8
Lateral e’(cm/s) 11.5+3.8 104 +1.0
E/septal e’ 11.9 (8.3-13.3) 8.1(7.6-11.8)
E/lateral e’ 9.3 (5.7-10.2) 8.0(5.7-10.1)
E/mean e’ 10.3+3.6 9.7+35
RV S’ (cm/s) 12.1+3.2 13.3+1.0
TAPSE (mm) 20 (17-24) 23 (20-30)

Persistent AF Permanent AF p value
n=14 n=28

55 (45-62) 55 (50-60) 0.01 1
47.7 (43.1-53.4) 51.4 (44.1-55.4) 0.003 t
9(81.8) 25 (92.6) 0.39
8(10-13) 10 (12-14) 0.09
208 (148-229) 150 (144-180) 0.02 t
100.6 + 6.5 94.4 + 4.7 0.02 *
85+1.0 9.1+0.7 0.45
105+ 1.1 129+0.9 0.10
13.2(10.6-14.1) 12.0 (9.0-13.3) 0.07
10.2 (7.0-12.0) 8.9 (5.6-9.9) 0.09
122+ 4.6 9.7+28 0.16
12.1+1.0 11.4 +0.8 0.34
20 (17-25) 18 (17-22) 0.24

*p <0.05 paroxysmal vs. persistent AF; 1p <0.05; paroxysmal vs. permanent AF; 1 p <0.05 persistent vs. permanent

Data are presented as mean * SD, median (quartile range), and number (percentage) unless otherwise stated.

Abbreviations: LAVI, left atrial volume indexed to Body Surface Area; LA enlargement, LAVI >34 ml/m2; LVEF, left ventricular ejection fraction; MAPSE, mitral annular plane systolic excursion; EDT,
E-wave deceleration time; E, peak velocity of early filling; Septal e’, peak early diastolic septal mitral annular velocity by pulsed tissue Doppler; Lateral e’, peak early diastolic lateral mitral annular
velocity; Mean e’, mean mitral annular peak early diastolic velocity; RV S’, peak systolic velocity of the tricuspid annulus; TAPSE, tricuspid annular plane systolic excursion.
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3,5 1

r=-0.44, p=0.001

LA AP/BSA [cm/m2]

1,6 1

LALS [%]

140 . . r=-0.38, P=0.004
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Correlation of left atrial longitudinal strain (LALS) with left atrial anteroposterior diameter - body surface area index (LA AP/BSA)

(Panel A) and creatinine (Panel B).

Table 3: Multiple regression analysis of predictors of LA strain.

Variables AF Paroxysmal AF
n=16
B (CI 95%) P B (C195%) P
AF duration (months)
LA AP/BSA (cm/m?) -0.39 0.003
(-0.14,-0.63)
LAA (cm?)
Creatinine (pM) -0.35 0.008
(-0.10, - 0.60)
Diastolic BP (mmHg) 0.95 <0.001
(0.67-1.23)

Persistent AF Permanent AF
n=14 n=27

B (CI 95%) P B (C195%) P
0.89 0.02
(0.24-1.52)

-0.56 0.01

(-0.16; -0.95)

-0.63 0.005

(-0.24;-1.03)

Abbreviations: LA AP, the anteroposterior diameter, parasternal long-axis window; BSA, Body Surface Area; LAA, left atrial area: average of measurements in the apical 4-chamber view and the apical

2-chamber view.

compliance and impaired reservoir function *. LA strain is associated
with LA fibrosis, as measured by the degree of delayed-enhancement
in cardiac MRI [22.2%],

We report that duration of arrhythmia is an independent predictor
of LA strain in PmAF patients. The presented data indicates a
relationship between AF duration, interstitial atrial remodeling, and
LA mechanical dysfunction ")
reflect more advanced LA remodeling

. Severely impaired LA strain may
110,300 and predict treatment
results. In a study by Tops et al., 63% of participants presented with
LA reverse remodeling after catheter ablation (CA) of AF with an
accompanying improvement in LA strain 5% LA strain at baseline
was an independent predictor of LA reverse remodeling. Additionally,
Parwani et al. demonstrated that LA strain measurement in patients
with PsAF may be useful in the selection of patients who are unlikely
to benefit from CA BY. Patients with low LA strain (<10%) had
significantly worse results in the long-term follow-up B In AF
patients undergoing electrical cardioversion (ECV), LA strain was

an independent predictor of restoration and maintenance of sinus
rhythm 432,

Consistent with other studies, we observed a negative correlation
between thromboembolic risk (assessed by CHA,DS -VASc
score) and LALS in PmAF patients. Cameli at al. demonstrated a
correlation between reduced LALS, reduced LA emptying velocity,
and/or thrombus in patients with PsAF before ECV/CA 3. Zhu
et al. suggested that decreased LA strain in the reservoir phase may

become a useful tool for predicting LA appendage stasis in patients
with AF B4,

The present study has several limitations. First, size of the
investigated groups was limited. However, the number of subjects
was sufficient to detect differences between groups based on results of
the power calculation. Second, the lack of dedicated, well-established
software for acquisition of LA strain meant that we needed to use
software designed for LV assessment. Lastly, measurements in the
PAF group were made while patients were in sinus rhythm. We
cannot completely rule out the impact of sinus rhythm on our
results. LALS measurement may facilitate appropriate management
strategies in the AF subgroups through improved assessment of LA
function, evaluation of LA changes in the course of arrhythmia, and
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prediction of sinus rhythm return. Our findings should be considered
as hypothesis-generating and further confirmation of results in larger
prospective investigations is needed.
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Conclusion

LALS reflect different levels of LA dysfunction in patients with
paroxysmal, persistent,and permanent AF. LA size, renal function, AF
duration, and hypertension determine LALS. LA strain assessment
in PAF, PsAF, and PmAF may be essential for future research and
clinical applications.

References

1. Kato T, Yamashita T, Sagara K, Iinuma H, Fu LT. Progressive Nature of
Paroxysmal Atrial Fibrillation. Observations from a 14-year follow-up study. Circ
J.2004;68:568-572.

2. Leistad E, Christensen G, Ilebekk A. Atrial contractile performance after
cessation of atrial fibrillation. Am ] Physiol. 264, H104-H109.

3. Leong DP, Delgado V, Bax J]. Imaging for atrial fibrillation. Curr Probl Cardiol.
2012;37:7-33.

4. Shin SH. Would Left Atrial Strain Provide a Role as a New Prognostigator for
Atrial Fibrillation? ] Cardiovasc Ultrasound. 2016;24,18-19.

5. KnapK,Drabik L, Jurkowska-Btaut],Pacia M, Krupinski M, Urbariczyk-Zawadzka
M, Plazak W. A successful treatment of ischemic cardiomyopathy associated with
left ventricular aneurysm and chronic ischaemic mitral regurgitation (RCD code :
IIT-1B.9.0).]. Rare Cardiovasc. Dis. 2017;3:122-128.

6. Donal E, Lip GY, Galderisi M, Goette A, Shah D, Marwan M, Lederlin M,
Mondillo S, Edvardsen T, Sitges M, Grapsa J, Garbi M, Senior R, Gimelli A,
Potpara TS, Van Gelder IC, Gorenek B, Mabo P, Lancellotti P, Kuck KH, Popescu
BA, Hindricks G, Habib G, Cardim NM, Cosyns B, Delgado V, Haugaa KH,
Muraru D, Nieman K, Boriani G, Cohen A. EACVI/EHRA Expert Consensus
Document on the role of multi-modality imaging for the evaluation of patients
with atrial fibrillation. Eur Heart ] Cardiovasc Imaging. 2016; 17: 355-383.

7. Ross Agner BF, Katz MG , Williams ZR , Dixen U, Jensen GB, Schwarz KQ. Left
Ventricular Systolic Function Assessed by Global Longitudinal Strain is Impaired
in Atrial Fibrillation Compared to Sinus Rhythm. ] Atr Fibrillation. 2017; 10
:1437.

8. Vianna-Pinton R, Moreno CA, Baxter CM, Lee KS, Tsang TS, Appleton CP.
Two-Dimensional Speckle-Tracking Echocardiography of the Left Atrium:
Feasibility and Regional Contraction and Relaxation Differences in Normal
Subjects. ] Am Soc Echocardiogr. 2009; 22: 299-305.

9. D’Andrea A, Caso P, Romano S, Scarafile R, Riegler L, Salerno G, Limongelli
G, Di Salvo G, Calabro P, Del Viscovo L, Romano G, Maiello C, Santangelo
L, Severino S, Cuomo S, Cotrufo M, Calabro R. Different effects of cardiac
resynchronization therapy on left atrial function in patients with either idiopathic
or ischaemic dilated cardiomyopathy: a two-dimensional speckle strain study. Eur
Heart ]. 2007; 28: 2738-2748.

10. Hsu PC, Lee WH, Chu CY, Lee HH, Lee CS, Yen HW, Lin TH, Voon WC, Lai
WT, Sheu SH, Su HM. Prognostic role of left atrial strain and its combination
index with transmitral E-wave velocity in patients with atrial fibrillation. Sci Rep.
2016; 6: 17318.

11. Rausch K, Shiino K, Putrino A, Lam AK, Scalia GM, Chan J. Reproducibility

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

of global left atrial strain and strain rate between novice and expert using multi-
vendor analysis software. Int ] Cardiovasc Imaging. 2019;35:419-426.

Badano LP, Kolias TJ, Muraru D, Abraham TP, Aurigemma G, Edvardsen T,
D’Hooge ], Donal E, Fraser AG, Marwick T, Mertens L, Popescu BA, Sengupta
PP, Lancellotti P, Thomas JD, Voigt JU; Industry representatives; Reviewers:
This document was reviewed by members of the 2016-2018 EACVI Scientific
Documents Committee. Standardization of left atrial, right ventricular, and
right atrial deformation imaging using two-dimensional speckle tracking
echocardiography: a consensus document of the EACVI/ASE/Industry Task
Force to standardize deformation imaging. Eur Heart ] Cardiovasc Imaging. 2018;
19: 591-600.

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 CHA2DS2-VASc score and indicates prognostic impact in
patients with atrial fibrillation. ] Am Soc Echocardiogr. 2014; 27: 709-716.

Hoit BD. Left atrial size and function: role in prognosis. ] Am Coll Cardiol. 2014;
63: 493-505.

Pathan F, D’Elia N, Nolan M'T, Marwick TH, Negishi K. Normal Ranges of Left
Atrial Strain by Speckle-Tracking Echocardiography: A Systematic Review and
Meta-Analysis. ] Am Soc Echocardiogr. 2017; 30: 59-70.

Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux
G, Galderisi M, Marwick T, Nagueh SE, Sengupta PP, Sicari R, Smiseth OA,
Smulevitz B, Takeuchi M, Thomas JD, Vannan M, Voigt JU, Zamorano JL.
Current and evolving echocardiographic techniques for the quantitative evaluation
of cardiac mechanics: ASE / EAE consensus statement on methodology and
indications endorsed by the Japanese Society of Echocardiography. ] Am Soc
Echocardiogr. 2011; 24: 277-313.

Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella M,
Diener HC, Heidbuchel H, Hendriks J, Hindricks G, Manolis AS, Oldgren
J, Popescu BA, Schotten U, Van Putte B, Vardas P; ESC Scientific Document
Group. 2016 ESC Guidelines for the management of atrial fibrillation developed
in collaboration with EACTS. Eur Heart J. 2016; 37: 2893-2962.

Rubis P, Drabik L, Kope¢ G, Olszowska M, Ptazak W, Podolec P.The prognostic
role of exercise echocardiography in heart failure. Kardiol. Pol. 2011;69:656-663.

Olesen JB, Lip GY, Hansen ML, Hansen PR, Tolstrup JS, Lindhardsen J, Selmer
C, Ahlehoff O, Olsen AM, Gislason GH, Torp-Pedersen C. Validation of risk
stratification schemes for predicting stroke and thromboembolism in patients
with atrial fibrillation: nationwide cohort study. BMJ; 342: d124.

Lang RM, Badano LP,Mor-Avi V, Afilalo ], Armstrong A, Ernande L, Flachskampf
FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P, Muraru D, Picard MH,
Rietzschel ER, Rudski L, Spencer KT, Tsang W, Voigt JU. Recommendations for
cardiac chamber quantification by echocardiography in adults: an update from
the American Society of Echocardiography and the European Association of
Cardiovascular Imaging. ] Am Soc Echocardiogr. 2015; 28: 1-39. e14.

Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H, Baumann R, Pedri
S,Ito Y, Abe Y, Metz S, Song JH, Hamilton J, Sengupta PP, Kolias TJ, d’Hooge ],
Aurigemma GP, Thomas JD, Badano LP. Definitions for a common standard for
2D speckle tracking echocardiography: consensus document of the EACVI/ASE/
Industry Task Force to standardize deformation imaging. Eur Heart ] Cardiovasc
Imaging. 2015; 16: 1-11.

Kuppahally SS, Akoum N, Burgon NS, Badger TJ, Kholmovski EG, Vijayakumar
S, Rao SN, Blauer ], Fish EN, Dibella EV, Macleod RS, McGann C, Litwin
SE, Marrouche NF. 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.

Kim SJ, Han SH, Park J'T, Kim JK, Oh HJ, Yoo DE, Yoo TH, Kang SW, Choi KH.
Left atrial volume is an independent predictor of mortality in CAPD patients.

www jafib.com Oct-Nov 2019| Volume 12| Issue 3




7 Journal of Atrial Fibrillation Original Research

Nephrol Dial Transplant. 2011; 26: 3732-3739.

24. Abhayaratna WP, Seward JB, Appleton CP, Douglas PS, Oh JK, Tajik AJ, Tsang
TS. Left atrial size: physiologic determinants and clinical applications. ] Am Coll
Cardiol. 2006; 47: 2357-2363.

25. Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic predictors of
nonrheumatic atrial fibrillation The Framingham Heart Study. Circulation. 1994;
89: 724-730.

26. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried LP, White
R, Furberg CD, Rautaharju PM. Incidence of and risk factors for atrial fibrillation
in older adults. Circulation. 1997; 96: 2455-2461

27. Cameli M, Mandoli GE, Loiacono F, Sparla S, Iardino E, Mondillo S. Left atrial
strain: A useful index in atrial fibrillation. Int J Cardiol. 2016; 220: 208-13.

28. Hirose T, Kawasaki M, Tanaka R, Ono K, Watanabe T, Iwama M, Noda T,
Watanabe S, Takemura G, Minatoguchi S. Left atrial function assessed by

speckle tracking echocardiography as a predictor of new-onset non-valvular atrial
fibrillation: results from a prospective study in 580 adults. Eur Heart ] Cardiovasc
Imaging. 2012; 13: 243-250.

29. Kim KH. Echocardiographic measurement of left atrial strain as a tool for assessing
left atrial function and geometric change. Korean Circ J. 2012; 42: 302-303.

30. Tops LF, Delgado V, Bertini M, Marsan NA, Den Uijl DW, Trines SA, Zeppenfeld
K, Holman E, Schalij MJ, Bax JJ. Left atrial strain predicts reverse remodeling
after catheter ablation for atrial fibrillation. ] Am Coll Cardiol. 2011; 57: 324-331.

31. Parwani AS, Morris DA, Blaschke F, Huemer M, Pieske B, Haverkamp W, Boldt
LH. Left atrial strain predicts recurrence of atrial arrhythmias after catheter
ablation of persistent atrial fibrillation. Open Heart. 2017; 4: ¢000572.

32. Shaikh AY, Maan A, Khan UA, Aurigemma GP, Hill JC, Kane JL, Tighe DA,
Mick E, McManus DD. 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.

33. Cameli M, Lunghetti S, Mandoli GE, Righini FM, Lisi M, Curci V, Tommaso
CD, Solari M, Nistor D, Gismondi A, Focardi M, Favilli R, Mondillo S. Left
Atrial Strain Predicts Pro-Thrombotic State in Patients with Non-Valvular Atrial
Fibrillation. ] Atr Fibrillation. 2017;10:1641.

34. Zhu MR, Wang M, Ma XX, Zheng DY, Zhang YL. The value of left atrial
strain and strain rate in predicting left atrial appendage stasis in patients with
nonvalvular atrial fibrillation. Cardiology Journal. 2018;25:87-96.

www jafib.com Oct-Nov 2019| Volume 12| Issue 3




