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Abstract

Background:

Atrial fibrillation is common, often silent, and can be difficult to detect. The left
atrium has an important role in modulating left ventricular filling and is an
important biomarker of cardiovascular disease and adverse cardiovascular
outcomes. While previously left atrial (LA) size was utilised, the role of LA function
as a biomarker is increasingly being evaluated, both independently and also in
combination with LA size. Strain analysis has been utilised for evaluation of LA
function and can be measured throughout the cardiac cycle, thereby enabling the
evaluation of LA reservoir, conduit and contractile function. Strain evaluates
myocardial deformation while strain rate examines the rate of change in strain.
Aims:

We aimed to evaluate whether echocardiographic assessment of LA anatomy and
function is able to identify patients with arrhythmia.

Conclusion:

Anatomical and functional LA remodelling assessed by echocardiography is
independently and strongly associated with AF, suggesting that these parameters
can help identify AF.
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Introduction

The left atrium has an important role in
modulating left ventricular filling, contributing
up to a third of cardiac output. The left atrium
has additionally been identified as an important
biomarker of cardiovascular disease and adverse
cardiovascular outcomes. While previously left
atrial (LA) size was utilised, the role of LA
function as a biomarker is increasingly being
evaluated, both independently and also in
combination with LA size. However, LA function
is complex, comprising of three main
components: reservoir function in systole when
blood fills the left atrium, as a conduit in early
diastole corresponding to passive left ventricular
filling and as an active contractile chamber in late
diastole (1, 2).

Current techniques to evaluate LA function

There is no single parameter that best defines LA
function and a variety of parameters have been
previously defined. Transmitral peak A wave
velocity, its velocity time integral and atrial
fraction are well described measures of LA
contractile function. The LA ejection force, based
on Newtonian principles, incorporates peak A
velocity and was used as a marker of LA function
(2).

Subsequently, tissue Doppler derived A' velocity
was utilised as a less load dependent measure of
LA contractile function, demonstrating good
correlation with traditional Doppler and LA
volumetric measurements. Colour tissue Doppler
analysis was able to evaluate segmental LA
function, demonstrating temporal changes with
improved LA function following cardioversion.
However, using these measures mandates the
presence of sinus rhythm (SR). The LA function
index (LAFI) was derived to evaluate LA function
even in atrial fibrillation (AF). Additionally,
volumetric measures including the LA ejection
fraction (LAEF) and LA expansion index (LAEI)
have been utilised, both in SR and AF (3). More
recently, strain analysis has been utilised for
evaluation of LA function (4).

Strain evaluates myocardial deformation while
strain rate examines the rate of change in strain,
and can be measured throughout the cardiac
cycle, thereby enabling the evaluation of LA
reservoir function (in systole) and conduit and
contractile function (in diastole) (1).

Strain and strain rate imaging of the LA

Strain and strain-rate imaging have several
advantages over conventional echocardiography in
evaluation of LA function. Firstly, strain imaging is
not evaluated relative to the transducer position,
thus allowing discrimination between active and
passive myocardial tissue movement. Strain
parameters are relatively independent of tethering
effects and are less load dependent compared to
traditional parameters of LA function. Additionally,
strain and strain rate parameters permit evaluation
of phasic atrial function throughout the cardiac
cycle (5).

There are as yet no validated strain algorithms that
have been developed exclusively for evaluation of
LA function. However, several studies have utilised
strain software that was developed for the left
ventricle, with adjustments to the width of the
‘region of interest’ (ROI) to evaluate LA strain (6,
7).

LA strain measurements can be obtained by tissue
Doppler imaging (TDI), two-dimensional (2D)
speckle tracking echocardiography (STE) and
velocity vector imaging (VVI). For the latter two
techniques, longitudinal strain and strain rate
curves are generated for each of six atrial segments,
obtained from the apical four and two chamber
views (Figure 1) (1).

Heterogeneous segmental deformation of the LA
has also been observed, with higher values noted in
the regions adjacent to the mitral annulus (1, 2).

6467

Figure (1): Apical four and two chamber six LA
segments. LA, left atrial (8).

In the reservoir phase, as the LA fills and stretches,
there is positive atrial strain that reaches its peak
in systole at the end of LA filling, prior to opening of
the mitral valve. Following this, passive LA
emptying ensues with opening of the mitral valve
resulting in decreased atrial strain with negative
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deflection of the strain curve up to a plateau
period which is analogous to diastasis. A second
deflection in the strain curve is then observed
corresponding to atrial systole. Peak atrial
longitudinal strain (PALS) or LA systolic strain is
measured at the end of the reservoir phase. Peak
atrial contraction strain (PACS) or late diastolic
strain, is measured following the P wave and
corresponds to active atrial contraction (Figure

2) (9).
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Figure (2): Peak atrial longitudinal strain (PALS)

and peak atrial contraction strain (PACS) (9).

LA strain curves have two patterns that differ
based on the time in the cardiac cycle from which
the software processing begins i.e., either at the
onset of the P wave (atrial cycle/diastolic gating)
or the onset of the QRS complex (ventricular
cycle/systolic gating) (1, 2).

If the strain processing begins at onset of QRS,
ventricular end diastole is the zero reference and
peak positive longitudinal strain corresponds to
atrial reservoir function, strain during early
diastole reflects atrial conduit function and strain
during late diastole corresponds to atrial
contractile function (5). Conversely, if software
processing begins at onset of P wave, atrial end
diastole becomes the zero reference and the first
negative peak strain represents the atrial
contractile function, positive peak strain
corresponds to conduit function, and their sum
(strain total) represents reservoir function (5).
Strain rate in ventricular systole (S sr), early
diastole (E sr) and late diastole (A sr) correspond
to reservoir, conduit, and booster pump
functions in both methods (1, 9).

Figure (3): Strain trace based on choice of
electrocardiographic gating; electrocardiographic P
wave used on the left and QRS complex used on the
right (1). Left panel: P wave (atrial end diastole)
used as zero reference point whereby first negative
peak strain represents the atrial contractile
function, positive peak strain corresponds to
conduit function, and their sum (strain total)
represents reservoir function. Right panel: QRS
complex (ventricular end diastole) used as zero
reference point whereby peak positive longitudinal
strain corresponds to atrial reservoir function,
strain during early diastole reflects atrial conduit
function and strain during late diastole
corresponds to atrial contractile function. LA, left
atrial.

A study by Hayashi et al. showed that the degree
of correlation between LA strain and parameters of
LA function determined by three-dimensional
echocardiography were stronger when the onset of
P wave was used as the reference than when the
QRS onset was used. Nevertheless, as timing of
reference point selection has not been uniform in
studies to date, no standardized method for LA
strain analysis has yet been proposed (10).

Reference values for LA strain and strain rate have
been reported (2). In a multicenter study involving
329 healthy subjects, Morris et al. reported LA
systolic strain (i.e.,, PALS) to be 45.5%+11.4% and
LA strain rate during late diastole (i.e., PACS) to be
-2.11+0.61 s-1. The lowest expected value (using
mean -2 SD) was 23.1% for LA systolic strain and
-0.91 s-1 for A sr in late diastole (11, 12).

LA strain by 2D STE

STE is a newer echocardiographic technique for
strain and strain rate analyses that tracks ‘speckles’
or natural acoustic markers in the 2D ultrasound
image. The geometric shift of each speckle position
is traced throughout the cardiac cycle (1).

STE strain is increasingly applied in the study of LA
mechanics. Apical four and two chamber view
images of the LA are obtained using conventional 2-

elSSN 1303-5150

www.neuroquantology.com


http://www.neuroquantology.com/

Neuro Quantology | September 2022 | Volume 20 | Issue 9 | Page 6466-6470 | doi: 10.14754/nq.2022.20.9.NQ44757
Alaa Elsayed Salama et al.,,/ Role of Left Atrial Strain in detection of LA Remodelling and Dysfunction Associated with Arrhythmia

frame rates (60-80 fps). The LA endocardium is
traced in both four and two chamber views and
the ROI adjusted to the thinner wall of the
atrium. In regions of discontinuities of the LA
wall, such as areas corresponding to pulmonary
veins and LA appendage, extrapolation of the LA
endocardial and epicardial surfaces at the

junction of these structures are performed to
obtain the ROI. The ROI is divided into six
segments and the total of 12 segments is
analysed with the software generating the
individual segmental longitudinal strain curves
together with global strain in each view (Figure
4) (2, 4).

Figure (4):

2D strain by speckle tracking
echocardiography demonstrating segmental and
global LA strain from the apical (A) four and (B)
two chamber views. LA, left atrial (8).

The feasibility and reproducibility of STE for the
study of LA mechanics have been validated in
several studies (6), and can be obtained in ~90%
of cases. The major limitation is the necessity for
adequate 2-dimensional image quality and
acquisition at a relatively high frame rate (2).

AF

AF is the commonest clinical arrhythmia and is
associated with increased morbidity and
mortality, with thromboembolic stroke being a
major associated risk. LA remodelling and
dysfunction is associated with AF (13).

LA strain measurements are more sensitive than
volumetric measures (1) and recent studies
using 2D STE have shown an association between
reduced LA reservoir and contractile function
and paroxysmal AF that precedes LA
enlargement (4).

Yoon et al, (7) demonstrated that reduced LA
systolic strain was the strongest independent
echocardiographic predictor of progression from
paroxysmal to persistent AF. Another study
demonstrated that LA strain was predictive of
paroxysmal AF in patients with cryptogenic stroke,
even in patients with normal LA size (14).

Catheter ablation pulmonary vein isolation can be
an effective treatment for AF; however, AF
recurrence is still a major issue (15).

Known predictors of AF recurrence post catheter
ablation include LA dilatation, advanced age,
hypertension and persistent as opposed to
paroxysmal AF (16).

Studies in AF patients who have undergone
catheter ablation with restoration of SR have
shown a relationship between LA systolic strain
and AF recurrence (17, 18).

In particular, this relationship also applies when
the assessment of the LA function by LA systolic
strain is performed irrespective of rhythm (i.e, in
both AF and SR post-procedure). Studies have
additionally demonstrated differing relationships
between regional LA strain (in particular LA lateral
strain) and LA global strain in predicting
recurrence of AF. Predicting the likelihood of AF
recurrence using LA strain analysis would be very
valuable in candidate selection for catheter ablation
(18, 19).

Conclusion

Anatomical and functional LA remodelling assessed
by echocardiography is independently and strongly
associated with AF, suggesting that these
parameters can help identify AF.
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