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Left atrial strain — a current clinical perspective
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ABSTRACT

The speckle-tracking technique has become an easily accessible, quick-to-use, and straightforward
tool for assessing advanced myocardial function. Achievements in the analysis of the left atrium have
demonstrated that it plays an important role in the physiology and pathophysiology of the circulatory
system. Deformation analysis allows the detection of even subtle functional abnormalities when atrial
enlargement is not yet detected. Thus, left atrial strain has a documented diagnostic and prognostic
value in many clinical scenarios. Furthermore, this technique is increasingly entering routine clinical
practice. The analysis becomes possible thanks to new tools that simplify the speckle-tracking assess-
ment. Left atrial strain improves diagnostic possibilities of standard echocardiographic examination,
and its diagnostic and prognostic value is sometimes comparable with more advanced and less avail-
able techniques. In this review, we discuss the principles of performing strain analysis and the results
of current research, and thus the potential possibilities of sophisticated atrial assessment application
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in various clinical scenarios.

FUNCTIONAL SIGNIFICANCE
OF THE LEFT ATRIUM
Dysfunction and structural remodeling of the left atrium
(LA) are significant components of cardiovascular patholo-
gy [1, 2]. Early detection of these abnormalities contributes
to evaluating even preclinical diagnosis of ventricular
dysfunction or valve disease. It can also corroborate the
diagnosis of emerging atrial cardiomyopathy [3, 4].

Traditional echocardiographic evaluation of the LA
used to be oversimplified and limited to the anteroposteri-
or dimension and semi quantification of atrial component
of ventricular filling, and only recently it was supplemented
with standardized volumetry [5]. However, routine meas-
ures of atrial function have not been implemented yet [6].

LA function consists of three components, mainly: res-
ervoir, conduit, and active pump [7]. In the case of normal
diastolic function, the relative contribution of the particular
LA phases into the left ventricular (LV) filling is as follows:
reservoir 40%, conduit 35%, pump 25% [8].

LA contractility modulates LV filling and plays an essen-
tial role in maintaining cardiac output even in the setting
of impaired relaxation or reduced compliance of LV [1, 7].
The importance of reservoir and pump phases increases,
and the conduit phase’s role decreases in patients with
disturbed LV relaxation [8]. The impaired phasic function
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of the LA was described in many cardiovascular diseases,
including atrial fibrillation (AF), stroke, cardiomyopathies,
and valvular heart disease [2].

LEFT ATRIAL STRAIN ASSESSMENT
Speckle-tracking echocardiography (STE) has become an
established method for quantifying myocardial function
[9]. It provides reliable estimates of myocardial deforma-
tion with further accuracy, thanks to the recent advent of
dedicated software packages. Measurements of atrial strain
using STE are well-validated [10, 11] and, notably, correlated
with the histologically proven fibrotic remodeling of the LA
wall [12-14]. However, the results obtained with different
echocardiographic machines and post-processing software
packages should be interpreted with caution because
vendor variability is not well studied yet.

In contrast to Doppler techniques, STE is independent
of the angle of the ultrasound beam and cardiac transla-
tional movements. A two-dimensional speckle consisting
of a group of pixels is traced in all directions within the
imaging plane.The main limitation can be partial displace-
ment of the speckles outside the imaging plane. Three-di-
mensional echocardiography may overcome this limitation
by analysis within a volumetric dataset [15]. The most
frequently used measurement based on the STE technique
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is global longitudinal strain, describing the relative change
in the muscle length averaged for visible segments [5].
The strain is a change in the distance between two points
of the myocardium occurring in the cardiac cycle. When
the distance decreases (shortening), the deformation has
anegative value, and when the distance increases (length-
ening), its value is positive. The strain rate reflects the rate
of change of the mentioned distance [16, 17].

The majority of published studies on the LA strain (LAS)
are based on the measurements performed with LV-ded-
icated software, but several dedicated tools are currently
available. In addition, due to increasing interest in the
functional assessment of the LA, the international expert
group has recently published a document to standardize
LAS evaluation [6].

LAS is measured from the apical 4- and 2-chamber
views. For a reliable analysis, the apical views should be
optimized to avoid foreshortening and to record a maxi-
mized cross-sectional view of the LA cavity. The assessment
caninvolve only a 4-chamber view (6 LA segments) or both
4- and 2-chamber views to report the average value from
12 segments (Figure 1). The 3-chamber view should not be
taken into account because of the proximity of the aortic
valve and aorta, which could falsify LAS measurements
[2, 6]. It is crucial to keep the frame rate above 60 [18, 19].

LAS measurements should be interpreted with caution
for the definition of the reference point. In fact, for LAS,
two possibilities were explored, using QRS-complex or
P-wave as the starting points for LA border detection [16,
17,20]. The software automatically indicates the upslope of
the R-wave as the starting point and generates the frame
for endocardial tracing. This timepoint is a surrogate for
end-diastole [6]. The analysis, which is focused on other
zero-reference points, such as the onset of QRS complex
or P-wave, requires additional manipulations on the ECG
curve [10]. The strain curve with different starting points is

RV LV LV
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Figure 1. Segmental division of the left atrium in 4- and 2-chamber
apical views using the speckle tracking echocardiography

Abbreviations: LA, left atrium; LV, left ventricle; RA, right atrium; RV,
right ventricle

presented in Figure 2. Data from 26 expert centers (MASCOT
HIT study, Multicentric Atrial Strain COmparison between
Two different modalities) proved that both methods are
characterized by similar reproducibility. Still, calculations
using the QRS complex as a reference point were associated
with better feasibility and shorter analysis time [10]. This
convention is also more universal because it can be applied
in AF.The strain curve generated using this method enables
the assessment of:

e LA strain in the reservoir phase (LAS-r) corresponding
to LA early diastole with maximum relaxation of its wall,
also known as peak atrial longitudinal strain (PALS);

e LA strain in the conduit phase (LAS-cd) corresponding
to LA mid-diastolic emptying with its passive short-
ening;

e LAstrainin the contraction phase (LAS-ct) or peak atrial
contraction strain (PACS) corresponding to LA systole
with active myocardial shortening producing the atrial
contribution to LV filling [21].

Thus, the total function of the LA is best reflected by
reservoir strain expressed in percentage points, algebrai-
cally positive.

The LAS calculated using P-wave as the starting point
is known as epsilon (g). The generated strain curve allows
to assess:

e peak negative € corresponding to LA contractile;

e peak positive € corresponding to LA conduit phase;

e total € as the absolute value of both abovementioned
peaks, reflecting the LA reservoir phase [22].

Recently available software dedicated to the LA, such
as AutoStrain LA or LA Automated Function Imaging,
allows for a quick assessment with a smooth transition
between the P-wave and R-wave methods. For example,
Figure 3 shows the results of the LA strain assessment with
AutoStrain LA.

STE also enables the assessment of the LA strain rate
by a curve with three peaks. In the analysis with R-wave
set as a reference point, the first peak is positive and cor-
responds to the LA reservoir phase. The consecutive two
peaks are negative. The first corresponds to the LA conduit
phase (passive LA strain rate) and the second one to the
LA contractile (active LA strain rate) [23, 24]. However, STE
strain rate analysis is of less interest in the literature. A sig-
nificant limitation is the temporal resolution of acquired
images. The frame rate should be increased significantly in
tachycardia. The strain rate as a time-dependent parameter
requires higher temporal resolution, optimally >100 frames
per second [25]. A recently developed novel imaging tech-
nique enabling the acquisition of images with 200 frames
per second is a promising prospect [26].

The analysis of LAS dispersion is possible due to ad-
vanced assessment of regional data and is calculated as
the standard deviation of regional values of time to the
maximum peak of segmental strain curves normalized to
the R-Rinterval [27, 28].
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Several parameters derived from LAS were proposed to
describe the cardiac function better. The LA stiffness index
reflecting decreased compliance of LA can be non-invasive-
ly calculated as the quotient of mitral E/E’ ratio and LAS-r.
This parameter can be used as a surrogate of invasively
measured stiffness requiring pulmonary capillary wedge
pressure assessment. The LA stiffness index was revealed
to be useful for differentiating healthy controls, patients
with diastolic dysfunction, and patients with heart failure
(HF) and preserved and reduced ejection fraction [29].
Moreover, this parameter is related to collagen synthesis
and predicts AF recurrence after pulmonary vein isolation
[30]. Interestingly, the LA stiffness index is decreased in
competitive athletes coexisting with the enlarged LA as
physiological adaptation [31].

LA function should be interpreted in the context of
LV, and it is interesting to analyze atrioventricular strain
calculated as the sum of absolute LAS-r and LV strain.

LAS

. postive

Figure 2. Left atrial strain (LAS)
nomenclature depending on the
choice of zero reference time-
point — QRS-complex (panel

A) and P-wave (panel B). When
R-wave is set as the starting
point, the first positive peak cor-
responds to the left atrium (LA)
reservoir phase, the second peak
characterizes LA contractile, and
the difference between those
peaks corresponds to the conduit
phase. When P-wave is set as the
reference, the first negative peak
characterizes the LA contraction,
positive peak — conduit phase,
and their sum corresponds to the
LA reservoir phase

negative

However, in patients with hypertension and/or diabetes
mellitus without alteration of standard echo parameters,
the best marker of subclinical abnormalities was LAS-r [32].

Experience with LAS calculated from 3D datasets is
preliminary, but current software used for 4D LA analysis
automatically calculates the strain curve with longitudinal
and circumferential strain values (Figure 4).

NORMAL VALUES OF LEFT ATRIAL STRAIN

A meta-analysis of 40 studies conducted predominantly
using EchoPAC software (General Electric Healthcare,
Milwaukee, WI, USA) defined a range of normal values for
atrial deformation (Table 1). The authors compiled data
obtained both with tools provided by General Electric and
other suppliers, without noting significant vendor-related
differences [33].

The authors of the multicenter NORRE study (Normal
Reference Ranges for Echocardiography) determined
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Figure 3. Left atrial strain derived left atrium (LA) dedicated software (AutoStrain LA). Strain curve generated depending on zero-reference
timepoint — QRS-complex (panel A) and P-wave (panel B). Courtesy Philips Poland

a range of reference values for LAS and LA stiffness index
using commercially available VIS — Vendor Independent
Software (TomTec Imaging System, UnterschleiBheim,
Germany) (Table 2). The study included 371 healthy indi-
viduals. In the multivariate analysis, it turned out that age
is independently related to the individual components of
deformation, regardless of gender or an echocardiograph
type used for registration [11].

Table 3 shows the strain values obtained in the MASCOT
HIT study and derived from three study groups (healthy

volunteers, patients with LV pressure overload, or LV vol-
ume overload). The median time needed for analysis with
R-wave reference point was shorter (120 sec, interquartile
range [IQR], 80-165 sec) than with P-wave set as a starting
point (110 sec, IQR, 78-149 sec) [10].

ATRIAL CARDIOMYOPATHY
Animportant concept related to the LA is atrial cardiomy-
opathy, defined as a complex of changes in the structure,
tissue architecture, contractility, or electrophysiological
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Figure 4. Left atrial assessment derived from 4D full volume data set enabling volumetric and strain analysis (Automated Function Assess-
ment, Echopac, GE Healthcare, Chicago, IL, USA)

Abbreviations: LAScd, longitudinal strain during conduit phase; LASct, longitudinal strain during contraction phase; LASr, longitudinal strain
during reservoir phase; LAScd_c, circumferential strain during conduit phase; LASct_c, circumferential strain during contraction phase; LAS-
r_c, circumferential strain during reservoir phase

Table 1. Summary of the left atrial strain reference values obtained from the meta-analysis [33]

LAS-r, % 39.4 (38-40.8) 40 studies (2542 subjects)
LAS-ct, % 17.4(16-19) 18 studies (1005 subjects)
LAS-cd, % 23(20.7-25.2) 14 studies (805 subjects)

Abbreviations: LAS-cd, left atrial strain — phase of conduit; LAS-ct, left atrial strain — phase of contraction; LAS-r, left atrial strain — phase of reservoir

Table 2. Reference values defined in the NORRE study for the individual components of left atrial deformation (lower limit of normal) and the
stiffness index (upper limit of normal) [11]48.7%, and 41.4% for left atrial strain (LAS

Age range 20-40 years 40-60 years >60 years
[(GEREY)] (n=173) (n=61)

LAS-r, % >31.1 >27.7 >22.7
LAS-ct, % >7.2 >9.3 >7.7
LAS-cd, % >16.2 >12 >11.5
LA stiffness index <0.22 <0.42 <0.55

Abbreviations: LA stiffness index — ratio of E/E’to LAS-r (dimensionless parameter). Other — see Figure 1 and Table 1
Table 3. Summary of left atrial strain values obtained in the MASCOT HIT study for all subgroups: healthy individuals, patients with pressure
overload (hypertension or aortic stenosis), and patients with left ventricular volume overload (heart failure or mitral regurgitation) [10]

Healthy volunteers LV pressure overload LV volume overload

LAS-r, % 3058 335109 219+6.8 23.0+£85 192+74 18.9+9.2
LAS-ct, % Not published 15+5.3 Not published 134+57 Not published 10+5.7

Abbreviations: see Figure 1 and Table 1

characteristics affecting the atria with the possibility of ~ 35]. However, it should be emphasized that atrial car-
clinically significant manifestation [34]. LAS can be easily diomyopathy is currently a pathophysiological concept
implemented to identify abnormalities in LA function rather than a clinical unit with specific diagnostic criteria
corresponding to atrial fibrosis. Furthermore, STE detects and treatment rules, and further research is needed in
LA dysfunction before anatomical changes occur [4,  this field.
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Figure 5. Left atrial strain and strain rate assessment in a patient without atrial fibrillation history (left panel), and in a patient with atrial
fibrillation before and one day after successful electrical cardioversion (middle and right panels respectively)

ATRIAL FIBRILLATION
AF is a factor contributing to the development of atrial
cardiomyopathy and its manifestation, which may explain
the weak temporal relationship between episodes of AF
and embolic stroke [36].

LAS both in the reservoir (optimal cut-off value LAS-r
<19%) and contractile phase (LAS-ct <8.7%) enables the
identification of patients with a history of AF in the popu-
lation with hypertension [37].

Abnormal LAS is a proven predictor of AF occurrence,
especially in patients after cryptogenic stroke [38, 39].
Recently, Kawakami et al. proposed an innovative ap-
proach, analyzing whether the assessment of LA strain
brings additional benefits against well-established LV
strain analysis. Based on the obtained results, the au-
thors proposed an algorithm in which a patient with
an increased 5-years risk of AF and normal LA volume
should at first have LAS-ct assessed while in the case of
increased LA volume, LV global longitudinal strain should
be evaluated first [40].

Surprisingly few studies refer to LA deformation in
the active phase of the pump as a prognostic factor [21].
However, this parameter assessed on the first day after
successful electrical cardioversion showed a predictive role
in maintaining sinus rhythm during a one-year follow-up.
The value of LAS-ct >3.4% derived from the 4-chamber
view analysis was an optimal cut-off. LAS-r >14.6% was
a significant predictor of survival without AF recurrence
[41]. Figure 5 shows the comparison of LA strain results
in a patient without a history of AF and a patient with AF,
before and after successful electrical cardioversion.

A LAS-r <10, 75% had a sensitivity of 85% and a spec-
ificity of 99% in predicting 6-months AF recurrence after
electrical cardioversion carried out due to persistent and
long-lasting persistent AF and was an independent marker
in multivariate analysis [42].

Impaired LA function favors the formation of thrombi,
especially in the LA appendage. Intra-atrial thrombus was
related to LA dysfunction assessed during AF with the best
discriminating power by a LAS dispersion >22% (sensitivity:
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10-20%

Figure 6. Left atrial strain correlates with fibrosis on atrial samples. Comparison between left atrial bioptic specimens (hematoxylin and eosin
staining) with increasing amounts of wall myocardial fibrosis and corresponding left atrial strain curves, showing progressively reduced

longitudinal deformation. Adapted from Lisi et al. [49]

45% and specificity: 89%) and LAS-r <11% (sensitivity: 74%,
specificity: 65%) [27]. Moreover, both parameters were
independent factors related to the presence of thrombi,
even after adjustment for CHA, DS -VASc score [27, 43], and
LAS dispersion adjusted for LV ejection fraction or LV global
longitudinal strain [27].

Similarly, Obokata et al. reported that LAS-r assessed
in AF improved the predictive ability of the CHA,DS,-VASc
score in the prediction of systemic embolism and was also
an independent prognostic factor of mortality following
stroke. The best criterion for discriminating between patients
with stroke and a demographically and clinically matched
control group with AF but without an embolic event was
LAS-r <15.4%. In this study, LA roof segments were excluded
from the analysis [44].

HEART FAILURE

The importance of LA assessment is demonstrated by in-
cluding its enlargement as one of the diagnostic criteria in
the current HF definition [45]. In addition to its prognostic
significance, LA volume is also used to assess LV diastolic
function and the diagnosis of HF with preserved LV ejection
fraction (HFpEF) [46, 47]. However, LA function could be
already abnormal even if LA size is preserved.

Patients with HFpEF had impaired LAS-r and LA passive
and active strain rates compared to healthy controls. More-
over, HFpEF patients with LA enlargement or a history of
AF had lower LA strain values [24].

Another study revealed in a group of 4312 consecutive
patients with acute HF that LAS-r <18% identifies individu-

als who may develop new-onset AF within 5-year follow-up,
both in the HF with reduced ejection fraction (HFrEF) sub-
group and analyzed together HFpEF and HF with mid-range
ejection fraction (HFmrEF) [48]. In advanced HFrEF, LAS-r
strongly correlated with the amount of invasively analyzed
fibrosis on LA bioptic samples (Figure 6) [49].

DIASTOLIC DYSFUNCTION

The quantification of LA volume is used to support the
diagnosis of LV diastolic function. However, macroscopic
changes in its structure are the late manifestation of dys-
function. Left atrial strain deteriorates along with the se-
verity of diastolic dysfunction and is proposed as a helpful
parameter to distinguish particular grades of diastolic dys-
function with good to excellent diagnostic ability. A LAS-r
>35% allowed to differentiate patients with normal dias-
tolic function with an accuracy of 72%. Moreover, a LAS-r
<19% had the accuracy of 95% to identify patients with the
3 grade of diastolic dysfunction [50]. The cut-off of LAS-r
<20% was proposed to improve the diagnosis in case of an
indeterminate degree of diastolic dysfunction [51].

CORONARY ARTERY DISEASE
The LA can also be affected by ischemic heart disease,
mainly as a consequence of LV myocardial damage. Both
LAS-r and LAS-ct were impaired in patients with acute
myocardial infarction, with a circumflex artery identified
as a culprit lesion [52]. LAS-r assessed within 48 hours
after primary percutaneous coronary intervention for the
first ST-segment elevation acute myocardial infarction was
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the independent predictor associated with a lower risk of
adverse LV remodeling (OR, 0.77; P = 0.003; optimal cut-
off, 28.9%) and adverse clinical events (OR, 0.88; P = 0.04;
optimal cut-off, 23.8%) during 6-month follow-up [53].

CARDIAC AMYLOIDOSIS

Cardiac amyloidosis, in the study by Nochioka et al., was
associated with severe LA dysfunction. Mean LAS-r was
significantly lower in the patients with amyloidosis than in
healthy controls (18.8 = 11.6% vs 40.6 £ 6.2%; P <0.001). It
should be mentioned that differences in LA function were
identified between amyloid subtypes with most abnormal
LAS-r in wild-type transthyretin amyloidosis [54].

VALVULAR HEART DISEASE

LA functional parameters decrease in valvular heart disease
and have prognostic significance. In asymptomatic patients
with pure mitral valve stenosis, LAS-r <17.4% showed
a good predictive value to predict AF in 4-year follow-up
[55]. In the study by Sugimoto et al., LA pump and reser-
voir function were impaired in patients with primary and
secondary mitral regurgitation. The subgroup with primary,
but not secondary, regurgitation had some exercise reserve
in LA functional parameters, even in moderate to severe
regurgitation. Patients with mild to moderate secondary
mitral regurgitation had a higher stiffness index than pa-
tients with moderate to severe primary mitral regurgitation
during exercise. Moreover, LAS-r >16% at peak exercise
predicted a 3-year event-free survival [56]. A reduced basal
LAS-r could also predict mid-term adverse events, including
AF, stroke, acute HF, and cardiovascular death, in patients
with asymptomatic moderate mitral regurgitation, helping
identify a subpopulation of patients with a more advanced
stage of the disease [57].

STE analysis of LA had very good predictive value for
the prognosis of postoperative AF in patients with aortic
stenosis undergoing surgical replacement. The LAS-r
<16.9% had a sensitivity of 86% and specificity of 91% in
predicting new-onset AF after implantation of biological
aortic valve prosthesis [58].

ANTHRACYCLINE THERAPY

Recently published results proved the importance of LA
strain assessment in monitoring the cardiotoxic effects of
cancer chemotherapy. STE analysis enables early diagnosis
of cardiac dysfunction and starting treatment. Significant
reduction in LAS-r can be defined as a relative decrease
of >10% or LAS-r <35%. LAS-r and LAS-cd, but not LAS-ct,
showed a significant decline in patients with breast cancer
during doxorubicin therapy [59].

CONCLUSIONS
The LA function assessment by STE is a relatively simple and
robust tool allowing to disclose pathophysiological mecha-
nisms in the broad spectrum of cardiovascular disease. The
prognostic significance of LA strain has been demonstrated

in many clinical scenarios, including the definition of diastol-
ic dysfunction, cardioembolic risk, and even cardiovascular
mortality in a selected patient population. The most actual
diagnostic application includes heart failure and atrial car-
diomyopathy (with emphasis on identifying AF episodes)
and may influence clinical decision-making, refining the
prediction of rhythm-control strategy success in AF.
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