Review Article

[CI )
DIC Pog Y o’

Left Atrial Strain in the Analysis of LV Diastolic Function: Ready to Use?
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Abstract

Left atrial (LA) dilation is a common indicator of diastolic
dysfunction, and its analysis through a volume calculation
reflects the cumulative effects of the left ventricular (LV) filling
pressures. However, an increase in LA volume is not exclusive
to diastolic dysfunction, which has also been observed in other
clinical conditions. Thus, the evaluation of the LA strain enables
a functional study of this chamber, adding to the morphological
analysis through the volume calculation.

The LA strain, measured using the speckle tracking technique,
brings information on the reservoir, conduction, and contractile
functions of the LA, and is related to the LV function. Moreover, the
changes in the LA strain precede the volumetric changes by nearly
a decade, and correlate inversely with the degree of LA fibrosis —
this has an important relationship with the diastolic dysfunction
and its grading system. Albeit insufficient to explain its totality, LA
fibrosis can partially justify the functional changes of this heart
chamber and can favor the use of this variable as a complement
to the current protocols for the analysis of the diastolic function.

Although further study is still warranted to establish other
clinical applications, the LA strain stands out in the analysis
of diastolic dysfunction and can be considered ready to use,
offering a great potential to improve the evaluation of the overall
cardiac function.

Introduction

The study of myocardial deformation can be considered
definitely implemented in the current echocardiographic
routine. Although some people believe this topic is recent, or
in the research and pre-implementation stage, it is not true.
The first studies of myocardial deformation are as old as the
use of two-dimensional images in echocardiography, and the
vast majority of these studies address left ventricular myocardial
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deformation. From the first experimental studies with
sonomicrometry crystals directly inserted into the myocardium
of dogs through the use of Doppler echocardiography, maturity
was reached with the development of speckle tracking, a widely
validated method for use in echocardiography and magnetic
resonance imaging.'”

Multiplicity of speckle tracking variables in the assessment of
different cardiac structures

Speckle tracking is the standard tool to study myocardial
deformation by echocardiography and, when applied to the
left ventricle (LV), provides a great amount of information that
goes beyond the mere quantification of absolute deformation.
Therefore, it is essential to standardize these measures.

The expression strain is used as a synonym for myocardial
deformation, which reduced the applicability of the method
to this measure, which is certainly incomplete, because
speckle tracking also allows for the measurement of rotational
variables, even enabling to estimate myocardial work. Although
terminology is internationally standardized, misunderstandings
are still frequent. In Brazil, for example, the expression “two-
dimensional strain” is used to refer to speckle tracking, which
is in disagreement with international standards.*

LV longitudinal strain is the most renowned measure for
use in speckle tracking echocardiography (STE). Examples of its
applicability include: determination of subclinical myocardial
disease in apparently normal ventricles, early diagnosis of
chemotherapy cardiotoxicity, differentiation between the main
causes of increased myocardial thickness, risk segmentation
in different heart diseases, and in a myriad of other clinical
conditions affecting the myocardium.>

LV circumferential and radial deformations can also be
measured by the same method; moreover, the velocity at
which these deformations occur, the so-called strain rate,
can also be obtained. Rotational variables measured at the
basal, medial, and apical segments may also complement the
assessment, as well as LV twist, which is the difference between
LV basal and apical rotations.* These assessment methods have
a complementary role to that of LV longitudinal strain and do
not imply its replacement.

The right ventricle can also be assessed with regard to
deformation; in this case, longitudinal strain of its free wall
is the most validated and recommended measure.”'> The
same applies to left atrial (LA) longitudinal strain, a promising
approach for functional studies and the focus of this review,
which will subsequently describe the peculiarities of this
measure, focusing on the study of LV diastolic function (DF).
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Quantification of cardiac mechanics and its studies in
diastology

There is a significant number of publications on the
complementation of DF analysis by techniques to quantify cardiac
muscle mechanics, and the vast majority of these publications is
related to the study of the LV with a focus on determiningits filling
pressure.’*'® Despite the favorable results of these techniques,
their effective implementation to this end did not occur, which
may be explained, among other reasons, by the complexity of
these analyses compared to the traditional measures of LV DF by
Doppler echocardiography.'”

However, although the assessment of LV filling pressure by
STE is not part of 2016 recommendations for the assessment
of DF, STE is indeed recommended to determine myocardial
disease, especially LV global longitudinal strain, which may be
used to determine myocardial disease and thus help in the initial
analysis of DE'®

What is the role of LA in the assessment of LV DF?

Differently from other techniques to assess DF, which reveal
cardiac hemodynamic status at the time of examination, the
assessment of LA by calculating its volume reflects the cumulative
effects of LV filling pressures.

The use of LA dimensions in clinical practice precedes even the
first guidelines for the assessment of DF diastole by the American
Society of Echocardiography (ASE), published in 2009." Many
studies showed that increased LA volume is closely related not
only to diagnosis, but also to the prognosis of patients with diastolic
dysfunction (DD).?**® However, it is important to emphasize that
LA enlargement is not exclusive to DD and can also be observed
in mitral valve disease, long-lasting arrhythmia, anemia, and
intense and prolonged practice of physical activity. However, LA
enlargement in patients with arterial hypertension is considered,
by some authors, as a diagnostic feature of DD, even when not
associated with other echocardiographic features of DD.*

From another perspective, the identification of normal-sized
LA does not rule out the presence of DD, because recent or
intermittent increases in LV filling pressure may not be sufficient
to cause LA enlargement, which certainly makes it possible for
this cavity to be assessed not only morphologically, but also
functionally, more specifically by measuring its strain.

Functional analysis of the LA by speckle tracking and its
potential applicability in diastology

Morphofunctional knowledge

Relationship between LA function and LV function

LA strain as measured by STE provides information on the
reservoir, conduit, and contractile functions of this chamber
(Figure 1). The usefulness of these measures is based on the close
relationship between LA and LV functions. For example, the
performance of reservoir and conduit functions is determined by, in
addition to atrial compliance, ventricle relaxation and by transmitral
pressure gradient.*® The conditions that impair any aspect of atrial
function, especially mechanical alterations that lead to abnormalities
in pressure-volume relationships, may affect overall cardiac
performance, leading to unfavorable symptoms and outcomes.*'

Causes of LA dysfunction

The hemodynamic effects of ventricle diseases seem
insufficient to explain all the changes leading to LA dysfunction,
because, in some patients, this dysfunction occurs even in the
absence of significant morphological and/or functional changes
in the LV.3? This is corroborated by studies with previously
healthy populations, in which LA function and its remodeling
were independently associated and preceded the clinical
manifestation of heart failure.* Another aspect that favors
functional studies of LA results from the fact that, although
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Figure 1 - Phases of left atrial function evidenced by the study of longitudinal deformation. LA: left atrial.
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LA strain is not totally independent from load, myocardial
deformation tends to be less affected by load than LA volume
would be.** Furthermore, changes in LA strain precede volume
changes in almost a decade.*

LA dysfunction is believed to result, at least in part, from
LA myocardial fibrosis. This process has been associated with
several biological factors, practically the same one that impact
ventricular myocardium.?® LA strain is inversely correlated
with the degree of LA fibrosis (Figure 2).>* 3 This association
alone would not be sufficient to favor the use of this variable
as a complementary tool in current protocols of DF analysis.
However, LA function was shown to be a determinant factor
of the time of decompensation of heart failure with preserved
ejection fraction (HFpEF), one of the reasons for the discussion
on the potential use of LA strain as a marker of elevated LV
filling pressures.*® However, although functional changes may be
partially justified by LA fibrosis, it is insufficient to fully explain
the phenomenon, which is one of the topics that justify studies
on the applicability of LA strain in diastology.

Applicability of functional analysis of LA aimed at the study
of LVDD

To apply the study of LA deformation in LV diastology, it is
important to first consider the intended purpose, which may be:

1. To optimize the diagnosis of DD in general;

2. To determine the presence or absence of increased filling
pressure.

A significant number of studies confirm the usefulness of
measuring LA strain to diagnose DD by demonstrating a decrease
in LA reservoir strain in critical situations such as hypertension,
diabetes, and chronic kidney disease, even when LA volume
and/or emptying pressure is still normal.***#' Similar findings were
observed in a study of patients with hypertension, diabetes, or
coronary disease, all of them with preserved LVEF, which revealed
an increase close to 10% in the diagnosis of diastolic dysfunction
when adding LA strain to the algorithm for DD detection used
in the 2016 guidelines of ASE with the European Association of
Cardiovascular Image (EACVI) (Figure 3).*

In addition to diagnosis, LA strain may also be applied to

categorize DD, because both reservoir and conduit functions
decrease as the grade of DD increases.** Analyses of ROC

curve show that reservoir strain has high accuracy to grade
DD compared to LV volume index.*

Despite this gradual and progressive reduction of reservoir
and conduit functions, it should be observed that, a different
behavior was observed in the first phases with regard to
contractile function, which increases in DD grade 1 before
decreasing, after grade 2.* Another interesting observation is
that, in cases of changes in LV relaxation, there is an increase
in the relative contribution of LA contractile function to its
filling, while the conduit function decreases. When LV filling
pressures increase significantly, the limits of LA preload are
reached, and the LA will behave predominantly as a conduit.*
Such characteristics would not necessarily be useful to make
the use of LA strain effective in diastology, but its knowledge
may help avoid mistaken interpretations by simplifying the
effects of LV diastolic function on LA.

Standardization and atrial strain measures by speckle
tracking

Despite measuring LA two-dimensional strain by STE
is relatively simple and direct, methodological differences
initially contributed to a certain variation in normal values.
This was improved with the recent systematization and
standardization proposed by several international societies and
by the industry, which defined the longitudinal strain, which
is the strain the direction tangential to the endocardial atrial
border in an apical view, as the only one recommended. The
same document advise against a segmental study; therefore,
only the overall value obtained in the analyzed view.*®

It is possible to combine measures obtained by the 4- and
2- chamber views to calculate global longitudinal LA strain,
and it was even recommended in a previous consensus
(Figure 4).”7 However, studies using a single view are
acceptable, specifically the 4-chamber view in this case, due
to its practicality. Results from a recent meta-analysis including
30 studies, totaling 2038 healthy individuals, provided the
normal reference values currently accepted for LA strain during
the reservoir, conduit, and contraction phases.*

Therefore, recommendation allows for the analysis to be
conductin an apical 4-chamber view, avoiding cavity shortening,
and with the region of interest measuring nearly 3 mm in width.*

Without fibrosis

LA strain

LA myocardial fib

Figure 2 - LA strain and myocardial atrial fibrosis. LA: left atrial
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Patients with preserved LVEF with risk for DD

1. Average E/e’ > 14
2. Septal €’ velocity < 7 or lateral €’ velocity < 10 cm/s

3. TR velocity > 2.8 m/s
4. LA volume index > 34 mL/m? or LA strain < 23%

}

> 50% of positive (altered) variables

Increase of approximately 10% in the rate of diagnosis of DD

Figure 3 - Increase in the diagnosis of DD by including LA strain to the algorithm. Adapted from Morris et al. (reference 42). E: E wave velocity of the transmitral
flow in pulse Doppler; €’: mitral annulus protodiastolic velocity in tissue Doppler; LA: left atrial; LVEF: left ventricular ejection fraction; TR: tricuspid regurgitation;

DD: diastolic dysfunction.

Strain, R-wave

Biplane

Figure 4 — Measures of left atrial strain by speckle tracking. Orange and green arrows point to peak reservoir strains for the 4- and 2-chamber echocardiographic
views, respectively. Red and yellow arrows indicate the automatic results for the reservoir, conduit, and contraction measures in the 4- and 2-chamber views,

respectively, and the blue arrow highlights overall results (mean values) for the 2 views.

Normal values of left atrial strain values currently accepted derive from the aforementioned 2017

As observed in Figure 1, LA deformation may be assessed meta-analysis and are the following:*

by means of 2 peaks: maximum deformation (also known as ¢ Reservoir strain 39% (95% confidence interval: 38% to 41%)
reservoir strain) and atrial contraction deformation (also known Condui . . . i . I 210 .

as contractile strain), and the difference between these peaks, onduit strain 239% (959% confidence interval: 21% to 25%)
which is the third measure known as conduit strain. Normal e Contractile strain 17% (95% confidence interval: 16% to 19%)
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How to use altered LA strain values in diastology?

It would be convenient, with regard to diagnosis and
classification of DD, that abnormal LA strain succeed elevated
LV filling pressures, being a direct consequence of the latter.
However, as previously shown, what actually occurs is the
progressive reduction of LA strain as DD grade increases;
therefore interpretation of the abnormality should be performed
with caution and contextualized in the interest of the investigation.

Applicability of LA strain to determine cardiovascular prognosis

Abnormalities resulting from LA deformation may be studied
in order to determine cardiovascular risks. In these cases,
these abnormalities show an independent correlation with
cardiovascular events.**° Cutoff values found in these situations
would not necessarily be useful to determine and categorize DD.

Applicability of LA strain to classify DD

Measures of LA deformation can also be used to help grade
DD, which will also imply in determining prognosis, because,
as already well established, the risk of cardiovascular events is
directly correlated with grade of DD.>"*?

Many studies were conducted to correlate reduction in LA
myocardial deformation with increased LV filling pressures,
especially pulmonary artery systolic pressure (PASP) and mean
pulmonary capillary wedge pressure. One of these studies,
conducted in 2009 by Kurt et al., assessed the so-called LA
stiffness, calculated as the ratio of E/e” (average) to LA strain
during systole (currently more often referred to as LA reservoir
strain). These researchers showed that LA stiffness presented a
good correlation with the invasive measure of PASP> Subsequent
studies started to focus on reservoir strain alone.

In 2019, Singh et al. showed that peak LA strain lower than
20% was able to accurately identify pre-A wave LV diastolic
pressure higher than 15 mmHg, significantly improving the
classification of DD made by current guidelines (2016), especially
in individuals with preserved LVEF>* Similar results were published
in 2021 by Inoue et al., in whose study LA reservoir strain <
18% and LA contractile strain < 8% determined increased LV
filling pressure better than LA volume and other conventional
Doppler parameters.*

In 2020, an editorial published in Journal of American College
of Cardiology - Cardiovascular Imaging by Jae Oh proposed
a new diagnostic approach of DD. Of the proposals, the use
of LA reservoir strain to differentiate undetermined cases.* In
2021, following exactly the same line, LA strain was included
in an European consensus, in the case concerning the use of
multimodality imaging in patients with HFpEF>” This incorporation
took into account the 2016 algorithm for the analysis of DF and
the results from the study by Inoue et al. (Figure 5).>°

When not using LA strain to classify DD

In some situations, the measure of LA strain should not be
considered, such as in limitations of echocardiographic images
and in detriments to the analysis of two or more LA wall segments.

Similarly, patients with AF should not have their LA reservoir
strain analyzed for the purpose of estimating LV filling pressure.®

Arq Bras Cardiol: Imagem cardiovasc. 2023;36(1):e357

This also applies to patients who presented with episodes of AF for
more than 48 hours in the 90 days before the test. Such fact results
from the possible presence of LA myocardial stunning, a situation
characterized by very low reservoir strain low values. Therefore,
this measure should not be used to diagnose HFpEF when there
is possibility of atrial stunning.

Final considerations

The importance of assessing LA function is unquestionable
in several clinical situations and in specific patient populations.
Considering the presented studies and the current technologies
involved, the authors believe that LA strain is indeed ready to
use, because it was shown that LA strain, especially its reservoir
component, progressively decreases as LVDD worsens and may be
useful in the reclassification of “undetermined” cases. Obviously,
many questions remain to be answered regarding changes in LA
function, especially in the context of diastology. However, this tool
has potential for immediate use as a complementary diagnostic
parameter.

The EACVI made a right decision when recommending the use
of LAreservoir strain as an additional measure in cases when filling
pressures would be classified as undetermined by the algorithm of
the 2016 guidelines to assess DF>

It is important to emphasize that the use of LA strain is not
limited to diastology, as previously described. Changes in LA
deformation are associated with prognostic implications in
several scenarios, such as in the prediction of a cardioembolic
event.”® Furthermore, LA has been the focus of discussions and
investigations that reinforce its role in a myriad of cardiovascular
situations, including new concepts, such as the definition of atrial
failure.”

Hence, there is a great potential in the use of LA myocardial
deformation in the context of analysis of LV DF to improve the
accuracy of algorithms employed in clinical practice.
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E/A_08+OE>50cm/s EA>2
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v

1. Average E/e’ > 14 2 ;f ?3
2. TR velocity > 2.8 m/s row
- . negative

3. LA volume > 34 mL/m?

v

Only 2 criteria available

—

E——
NGRS + =15

criteria

1 positive + 1 negative

\ 4

Use LA reservoir strain to replace

<18 Elevated filling pressure

Algorithm not to be applied in any of the following conditions
No suspicion of heart disease, atrial fibrillation, right bundle branch block, cardiac resynchronization therapy or pacemaker, hypertrophic cardiomyopathy, severe mitral annular
calcification, severe mitral stenosis, severe mitral regurgitation, prosthetic mitral valve or mitral valve surgical repair, high output heart failure, and ventricular assist device

missing parameter

Figure 5 — Algorithm proposed to grade DD using left atrial reservoir strain. Adapted from Smiseth et al. (reference 57). A: transmitral flow A wave velocity
in pulse Doppler; E: E wave velocity of the transmitral flow in pulse Doppler, €’: mitral annulus protodiastolic velocity in tissue Doppler; LA: left atrial; TR:
tricuspid regurgitation.
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