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ABSTRACT: Assessment of left ventricular systolic function is essential for diagnosing and managing cardiac diseases 
and provides important prognostic information to the treating clinician. However, traditional methods for assessing left 
ventricular systolic function such as ejection fraction are limited by their reliance on geometric assumptions, subjective 
reader interpretation, sensitivity to loading conditions and volume, and reflection of a single plane of motion. In addition 
to interobserver and intraobserver variability and technical confounders, this evaluation is complicated by the complex 
3-dimensional organization of the myocardial fibers, which are oriented longitudinally in the subendocardium, transversely 
in the midmyocardium, and obliquely in the subepicardium. Conversely, 2-dimensional speckle-tracking echocardiography 
measures left ventricular deformation as myocardial strain in the 3 planes of chamber motion: longitudinal, circumferential, 
and radial. From a clinical perspective, left ventricular global longitudinal strain offers superior diagnostic and prognostic value 
across the spectrum of cardiovascular disorders compared with ejection fraction, is highly reproducible, and detects subclinical 
dysfunction before the ejection fraction declines. Given the expanding clinical utility of speckle-tracking echocardiography and 
the incremental prognostic and therapeutic value of integrating global longitudinal strain into clinical practice as a potential 
biomarker, the objectives of this scientific statement are (1) to review the principles and technical aspects of speckle-tracking 
echocardiography strain imaging; (2) to provide a practical, evidence-based review of the application of speckle-tracking 
echocardiography in heart failure, cardiomyopathies, ischemic heart disease, valvular disease, and cardio-oncology; (3) to 
explore the potential utility of speckle-tracking echocardiography in cardiac resynchronization and implantable cardioverter 
defibrillator therapy; and (4) to outline the future directions of speckle-tracking echocardiography.
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Assessing left ventricular (LV) systolic function is 
essential for diagnosing and managing cardiac dis-
eases. The complex 3-dimensional organization of 

the myocardial fibers of the heart, which are arranged in 
a helical and perpendicular orientation, enables efficient 
“wringing-like” ejection, complicating traditional assess-
ment. Fiber orientation varies throughout the myocardial 
wall, being longitudinal in the subendocardium, trans-
verse in the midmyocardium, and oblique in the subepi-
cardium.1 Traditional methods for assessing LV systolic 

function such as LV ejection fraction (LVEF) are limited 
by their reliance on LV geometric assumptions, subjective 
reader interpretation, sensitivity to loading conditions and 
volume, and the fact that they primarily reflect a single 
plane of LV motion.1

In contrast, 2-dimensional speckle-tracking echo-
cardiography (STE) measures myocardial strain, which 
assesses myocardial deformation during contraction 
and relaxation in the aforementioned longitudinal, cir-
cumferential, and radial planes and is expressed as a 
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percentage change in myocardial length during the car-
diac cycle. More specifically, LV global longitudinal strain 
(GLS) offers superior diagnostic and prognostic value 
across the spectrum of cardiovascular disorders com-
pared with LVEF and is used in clinical practice for its 
sensitivity in detecting subclinical LV dysfunction often 
before LVEF declines.2 The strengths of GLS by STE 
include its angle independence, sampling of all LV wall 
segments in a given view, high feasibility and reproduc-
ibility, and excellent spatial resolution.1,3

Joint statements were issued to standardize strain 
imaging with STE, aiming to reduce variability and to 
improve its clinical application.3,4 In addition, recom-
mendations for cardiac chamber quantification outlined 
best practices for measurement and reporting of strain.5 
Given the expanding clinical utility of STE and the incre-
mental prognostic and therapeutic value of integrating 
GLS into clinical practice as a potential biomarker, the 
objectives of this scientific statement are (1) to review 
the principles and technical aspects of STE strain imag-
ing; (2) to provide a practical, evidence-based review of 
the application of STE in heart failure (HF), cardiomy-
opathies, ischemic heart disease, valvular disease, and 
cardio-oncology; (3) to explore the potential utility of STE 
in cardiac resynchronization and implantable cardioverter 
defibrillator therapy; and (4) to outline the future direc-
tions of STE.

PRINCIPLES AND TECHNICAL 
CONSIDERATIONS
Overview of LV Anatomy, Deformation, and 
Mechanics
LV deformation and mechanics can be assessed in 3 
planes of motion: longitudinal (shortening and lengthen-
ing), circumferential (shortening and lengthening), and 
radial (thickening and thinning) strain. As the subendo-
cardial, midmyocardial, and subepicardial layers contract, 
the LV shortens and twists around its long axis to trans-
murally disperse shearing forces and to eject a systolic 
stroke volume. The subendocardial and subepicardial fi-
bers are arranged in a helical orientation and obliquely to 
one another at a 60° angle, whereas the midmyocardium 
is arranged in an equatorial plane. It is important to note 
that the myocardial layers are bound by interstitium, and 
dysfunctional mechanics in 1 layer will affect the trans-
mural mechanics to varying degrees.6

The subendocardial LV fibers are characterized by lon-
gitudinal motion, the midmyocardium by circumferential 
motion, and the subepicardium by longitudinal and cir-
cumferential torsional deformation. The LV maintains a 
normal ejection fraction in many pathological conditions, 
given that this measure of systolic function is strongly 
affected by the interplay between circumferential and 
radial LV mechanics, geometry, wall thickness, and 

loading conditions.7 Conversely, impaired longitudinal 
deformation of the LV has been well validated as an early 
marker of subclinical LV impairment that occurs before 
overt systolic dysfunction (LVEF <50%). Clinically, LV 
GLS provides superior disease-specific diagnostic, prog-
nostic, and treatment insights compared with LVEF and 
is intimately related to subendocardial dysfunction.2 Last, 
although LVEF remains of prognostic value in various 
cardiovascular diseases, GLS strengthens this risk strati-
fication and offers superior reliability for serial LV function 
assessment, with lower intraobserver and interobserver 
variability. This consistency holds even across physicians 
with varying expertise, making GLS a more dependable 
tool for serial monitoring of cardiac performance.8

A large patient-level meta-analysis has proposed a 
GLS >−16% to be the absolute threshold indicating 
myocardial dysfunction regardless of vendor or clini-
cal covariates and should alert the clinician to carefully 
assess for cardiac pathology.9 However, interpreting the 
assessment within the clinical context is paramount and 
of particular importance within the “gray zone” GLS val-
ues of −16% to −18%, which are considered borderline 
or low normal. Age, sex, loading conditions, and obesity 
are the most prevalent clinical modifiers to GLS that 
must be accounted for. Although the American Society 
of Echocardiography/European Association of Cardio-
vascular Imaging Strain Standardization Task Force has 
actively worked toward harmonizing GLS measurements 
across vendors and software platforms, full standard-
ization has not yet been achieved. GLS interpretation 
should thus remain context dependent and incorporate 
patient demographics, vendor-specific differences, and 
longitudinal trends.

Basic Principles
Contemporary LV strain assessment is most commonly 
performed with 2-dimensional STE, whereby software 
algorithms track stable kernels of myocardial speckles 
(persistent artifacts) throughout the cardiac cycle. Strain 
represents the maximal deformation of the tracked LV 
segment normalized to its original length. Correct patient 
positioning is paramount for obtaining the optimal imag-
ing windows for assessment, with frame rates of 40 to 
90 frames per second providing appropriate resolution.3,4 
Clear visualization of the endocardial borders is neces-
sary to ensure accurate tracking and estimation of GLS, 
which is performed and averaged from the apical 4, 2, 
and 3-chamber (apical long-axis) views.

Although the layered helical myocardial architecture 
prompts consideration of multilayer strain relevance, full 
(midwall) GLS currently predominates in clinical echo-
cardiography. Transmural strain differences between 
the subendocardial and subepicardial layers are smaller 
for longitudinal strain compared with radial and circum-
ferential strains. In addition, the myocardial layers are 
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mechanically tethered, and echocardiographic lateral 
resolution is insufficient to differentiate layer-specific 
longitudinal strain reliably, with no consistent differential 
findings between normal and infarcted segments across 
multiple vendors.10 Thus, there is insufficient evidence to 
recommend layer-specific LV strain for routine clinical 
use, and full midwall GLS remains the most preferred 
approach.5

In the selection of the region of interest for strain 
assessment, it is prudent to avoid apical foreshorten-
ing (overestimation of GLS due to geometric distortion 
and the apparent hypercontractility of the false apex) 
and tracking of the pericardium (underestimation of 
GLS due to tethering of the subepicardium). Abnormali-
ties in LV chamber geometry and wall thickness such 
as interventricular septal bulging and asymmetric thick-
ness may influence strain measurements. The region of 
interest to assess GLS should be set straight and lon-
gitudinally, excluding focal septal bulging. However, in 
ventricles with asymmetric thickening in >1 continuous 
wall segment, care should be taken to widen the region 
of interest for inclusion. If specific segments display poor 
tracking, it is critical to reimage or adjust the region of 
interest manually.9

Common Pitfalls and Solutions
A typical assessment output will include a GLS polar map, 
region of interest, segmental strain values and curves, 
and M-mode strain depiction when applicable (Figure 1). 
Although it is important to acknowledge that a com-
ponent of intervendor variability in GLS measurement 

exists, a dedicated task force comprising cardiovascu-
lar imaging experts and industry representatives has 
made significant progress in standardizing the software, 
reporting, and interpretation of cardiac deformation im-
aging.3–5 One important caveat when interpreting GLS 
across vendors is whether tracking was applied to the LV 
endocardium only compared with full-wall thickness.4,7,9 
Longitudinal myocardial fibers predominate in the suben-
docardium, and with the additive effect of the ellipsoid LV 
geometry, tracking only in this layer overestimates GLS. 
As previously mentioned, the 3 myocardial layers are 
bound through interstitial networks, and their mechanics 
are mutually inclusive. Thus, it is prudent to document 
whether GLS is assessed through endocardium only or 
full-wall tracking and to use caution when comparing 
values across vendors with differing myocardial tracking 
algorithms.

Cardiac event timing is required and, depending on 
the vendor, may be performed with LV outflow tract 
Doppler, manual or automatic selection of the aor-
tic valve closure point, or triggering of systolic image 
acquisition by gating to the R wave of the ECG. The 
last option appears to be the most frequently used, 
and care must be taken because if the R wave is not 
detected accurately, strain measurements could be mis-
timed and inaccurate. In addition, a paced rhythm with 
a prominent atrial pacer spike can be mistaken for a 
QRS complex and incorrectly time the strain measure-
ments, resulting in inaccurate assessment of myocardial 
deformation. A limitation of 2-dimensional STE is the 
need for consistent R-R intervals, restricting its use in 
arrhythmias or respiratory variations. Real-time triplane 

Figure 1. Example of a longitudinal strain assessment output in a patient with normal physiology.
A, Polar longitudinal strain map depicting the peak systolic strain in each of the 17 myocardial segments, as well as the global longitudinal strain 
of −21.6%. B and C, Region of interest and segmental color-coded peak systolic stain values of the apical 3-chamber left ventricular myocardial 
segments. D, Color-coded strain curves of each apical 3-chamber myocardial wall segment. E, M-mode representation of the longitudinal strain. 
ANT indicates anterior; ANT SEPT, anteroseptal; APLAX, apical long axis; AVC, aortic valve closure; GLS, global longitudinal strain; INF, inferior; 
LAT, lateral; POST, posterior; and SEPT, septal.
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echocardiography with a matrix probe overcomes this 
by acquiring 3 simultaneous LV views from a single 
cycle. Last, to reduce motion artifacts and to improve 
image quality, the patient is asked to inhale or exhale 
and hold their breath while the images are acquired. 
Capturing 3 consecutive beats ensures that the data 
are reliable and reproducible.

Documentation of the systemic blood pressure at 
the time of strain assessment is important because 
GLS can be attenuated by increased afterload, par-
ticularly in patients with hypertension, aortic steno-
sis (AS), and hypertrophic cardiomyopathy.9 Indeed, 
experimental models using graded aortic banding have 
shown a moderate relationship between increasing LV 
wall stress and worsening GLS (r=0.68, P<0.005) and 
radial strain (r=0.5, P=0.02), although to a lesser extent 
than impacts classically observed on LVEF.11 Akin to 
LV pressure-volume loops, integrating the systemic 
blood pressure as measured by the brachial artery cuff 
pressure with GLS produces a stress-strain loop that 
estimates the global and regional LV myocardial work 
performed. This novel echocardiographic parameter 
was designed to resolve whether GLS reduction is due 
to reduced contractility (reflected as reduced myocar-
dial work) or increased afterload (reflected as increased 
myocardial work).

For accurate LV myocardial work analysis, the bra-
chial artery cuff pressure is measured immediately after 
recording of the apical views, with the patient supine and 
relaxed with the arm at the level of the heart, to avoid 
overestimation from prestudy blood pressure (eg, emo-
tional stress) or underestimation in the left lateral posi-
tioning (eg, arm height).12 Myocardial work parameters 
have been shown to discriminate coronary ischemia and 
to predict a positive response to cardiac resynchroniza-
tion therapy (CRT).13–15 From a physiological standpoint, 
myocardial work indices reflect cellular glucose metabo-
lism, oxygen consumption, and tissue fibrosis, offering a 
promising adjunct modality to LV performance assess-
ment as clinical experience and intervendor development 
progress.16

HF AND CARDIOMYOPATHIES
HF is a complex syndrome characterized by structural or 
functional cardiac abnormality and corroborated by el-
evated natriuretic peptide levels or objective evidence of 
pulmonary or systemic congestion.17 Echocardiography 
remains the standard diagnostic tool for categorizing HF 
according to LVEF. However, LVEF has important limita-
tions such as observer variability and geometric assump-
tions, particularly in HF with preserved ejection fraction 
(HFpEF). In HF populations, GLS has emerged as an 
important metric for detecting subclinical myocardial 
dysfunction, differentiating pathological conditions, and 
monitoring therapeutic responses (Figure 2).

Preclinical HF
Preclinical HF, defined as stage B, offers a key opportu-
nity for early intervention. According to the 2022 Ameri-
can Heart Association/American College of Cardiology 
guidelines, a GLS value >−16% in the setting of LVEF 
>50% is recommended for diagnosing stage B HF.18 
GLS provides prognostic value in preclinical HF by iden-
tifying subclinical myocardial dysfunction before the on-
set of overt symptoms and may reclassify the HF stage 
in up to 14% of patients.19

HF With Preserved Ejection Fraction
HFpEF, in which LVEF remains ≥50%, accounts for 
>50% of HF cases.18 The European Society of Cardi-
ology guidelines acknowledge GLS >−16% as a minor 
diagnostic criterion for HFpEF.17 This is of paramount 
utility, given the overlap of HFpEF and noncardiac causes 
of dyspnea in terms of clinical presentation, which often 
delays diagnosis. Analyses from randomized controlled 
trials have correlated impaired GLS in HFpEF with in-
creased LV stiffness, elevated NT-proBNP (N-terminal 
pro-B-type natriuretic peptide) levels, and greater ad-
verse cardiovascular outcomes independently of estab-
lished clinical risk factors.20,21

HF With Reduced Ejection Fraction
In HF with reduced ejection fraction, GLS offers pre-
dictive accuracy that exceeds LVEF in terms of mortal-
ity and hospitalizations.22–24 In a study of 1065 patients 
with HF with reduced ejection fraction, each 1% abso-
lute decrease in GLS conferred a 15% increased risk of 
all-cause mortality (P=0.008), with the worst outcomes 
among men with atrial fibrillation.22 Worsening GLS cor-
relates with LV remodeling, progression of diastolic dys-
function, and worsening functional class, with a cutoff 
of >−6.95% associated with >2-fold increased risk of 
adverse cardiovascular events regardless of an ischemic 
or nonischemic substrate (P=0.01).23

Hypertrophic Cardiomyopathy
Hypertrophic cardiomyopathy is a heterogeneous dis-
order characterized by LV hypertrophy, myocardial fiber 
disarray, and extensive fibrosis. In early or mild pheno-
typic stages, distinguishing hypertrophic cardiomyopa-
thy from other causes of hypertrophy is challenging with 
important clinical implications. It is important to note 
that a GLS of >−14.3% can differentiate hypertrophic 
cardiomyopathy from hypertensive heart disease or ath-
letic remodeling with a sensitivity, specificity, and pre-
dictive accuracy of 77%, 97%, and 87%, respectively 
(P<0.001).25 GLS and myocardial work indices provide 
excellent risk stratification in hypertrophic cardiomyopa-
thy, with a GLS >−10% increasing the occurrence of 
major adverse cardiovascular events 4-fold compared 
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with a GLS <−16% (P<0.001) and offer insight into 
the impact of structural changes such as apical aneu-
rysms.26–28 Last, GLS polar maps improve diagnostic 

accuracy and user confidence in that unique patterns 
identify specific pathologies and phenotypic expressions 
such as significant GLS impairment in the anteroseptum 

Figure 2. Summary and polar map example of left ventricular global longitudinal strain assessment.
ESC indicates European Society of Cardiology; GLS, global longitudinal strain; HCM, hypertrophic cardiomyopathy; HF, heart failure; LV, left 
ventricle; LVEF, left ventricular ejection fraction; and STEMI, ST-segment–elevation myocardial infarction.
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and inferoseptum for reverse curve phenotype versus 
distal and apical LV impairment in the apical phenotype. 
In apical hypertrophic cardiomyopathy, the hypertrophied 
segments may mask the overt appearance of apical an-
eurysms, which can be recognized by their dyskinetic 
motion and “blueberry-on-top” GLS polar map pattern.29

Cardiac Amyloidosis
Infiltrative cardiomyopathy is characterized by the depo-
sition of abnormal proteins, granulomas, and mineral ele-
ments, among other substances within the myocardium, 
resulting in progressive fibrosis and restrictive physiology. 
In cardiac amyloidosis, amyloid fibril deposition in the myo-
cardium affects longitudinal deformation, resulting in dys-
functional mechanics.30 A hallmark of cardiac amyloidosis 
is the “apical-sparing” strain pattern, characterized by re-
duced longitudinal strain in the basal and mid-LV segments 
with preservation at the apex. It is hypothesized to result 
from greater basal LV apoptosis and wall stress attribut-
able to a larger regional chamber radius, greater interstitial 
space expansion at the basal LV territory, and a complex 
myocyte orientation at the apex. The relative apical sparing 
is quantified as apical/(basal+mid) longitudinal strain, and 
a ratio >1 has been shown to predict cardiac amyloidosis 
with a sensitivity and specificity of 93% and 82%, respec-
tively (area under the curve, 0.94 [95% CI, 0.89–0.99]).31 
An apical longitudinal strain >−14.5% has also been pro-
posed as a threshold for marked increase in major adverse 
cardiovascular events in a cohort of mixed amyloidosis 
subtypes.30 Although most prevalent in cardiac amyloido-
sis (74%), a degree of apical sparing may occur in up to 
44% of patients with AS, highlighting the importance of 
integrating ancillary echocardiographic findings and clini-
cal context.32 In addition, the presence of chronic kidney 
disease may reduce the specificity of GLS in detecting car-
diac amyloidosis with the apical-sparing pattern.33

Anderson-Fabry Disease
Anderson-Fabry disease is a lysosomal storage disorder 
characterized by accumulation of intracellular glycosphin-
golipids, including infiltration within the myocardium. Pa-
tients with Anderson-Fabry disease often present with 
concentric LV and papillary muscle hypertrophy. Impaired 
GLS is associated with a higher incidence of major adverse 
cardiovascular events compared with preserved GLS, with 
a cutoff of −14.1% proposed as a robust threshold.34 Po-
lar maps with impaired GLS predominating in the basal to 
midlateral and posterior LV territory are often noted.35

ISCHEMIC HEART DISEASE
As noted here, LV mechanics are facilitated by the intri-
cate helical structure of the myocardial fibers that sup-
port coordinated chamber contraction, relaxation, and 

systolic ejection, all of which rely on healthy transmural 
coronary blood supply. Subendocardial fibers are more 
vulnerable to myocardial ischemia, which can signifi-
cantly impair cardiac function. In acute ischemic condi-
tions, these fibers exhibit evidence of decreased systolic 
longitudinal shortening and postsystolic shortening after 
closure of the aortic valve.36 The myocardial injury often 
manifests in the setting of preserved circumferential 
shortening and LVEF, resulting in regional LV deforma-
tional dysfunction (Figure 2).

Regional LV Deformation, Systolic Lengthening, 
and Postsystolic Shortening
Techniques such as STE-derived GLS allow a more nu-
anced evaluation of regional myocardial deformation. 
GLS is particularly effective in identifying regional ab-
normalities in myocardial function at rest and stress 
that may not be apparent through conventional imaging 
methods, and its reproducibility in patients with ischemic 
heart disease surpasses that of LVEF. A study of 47 pa-
tients with recent acute coronary syndrome compared 
the assessment of GLS and LVEF between expert and 
trainee echocardiographers and showed excellent cor-
relation in GLS measures regardless of experience (in-
traclass correlation coefficient, 0.89; r=0.94) relative to 
LVEF (intraclass correlation coefficient, 0.74; r=0.71, 
P<0.0001).37

In the analysis of individual LV segmental strain 
curves, the observance of systolic lengthening informs 
the presence of ischemic myocardium, whereby affected 
myocardial segments elongate during systole as a result 
of ineffective contraction, dyskinetic motion caused by 
abnormal energetics, or transmural scarring. Similarly, 
postsystolic shortening occurs when LV segments con-
tract after the primary systolic phase, often seen in isch-
emic myocardium (Figure 3A). In a prospective study of 
293 patients with suspected angina, postsystolic short-
ening was an independent predictor of obstructive coro-
nary artery disease and conferred a 2.5-fold increased 
risk of adverse cardiovascular events (P=0.03).38 Given 
their utility, the 2024 European Society of Cardiology 
guidelines for the management of chronic coronary 
syndromes recommend strain imaging for detecting 
decreased systolic shortening or GLS, early systolic 
lengthening, or postsystolic shortening in patients with 
normal LV function and a clinical suspicion of coronary 
artery disease.39

Acute and Chronic Coronary Syndromes
Incorporating STE and GLS into the early assessment 
of acute coronary syndromes identifies patients who 
could benefit from early invasive management in that 
the aforementioned use of segmental strain curve analy-
ses and interpretation of GLS polar maps can markedly 
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enhance standard echocardiographic parameters used in 
evaluating for myocardial ischemia. GLS has been shown 
to be an important predictor of postdischarge adverse 
outcomes in patients with ST-segment–elevation myo-
cardial infarction. In 1041 patients with ST-segment–
elevation myocardial infarction with a mean LVEF of 
47±9% treated with percutaneous coronary interven-
tion, a GLS >−15% independently predicted LV dilata-
tion and adverse remodeling at 6 months (P<0.001).40 
At a midterm follow-up of 5 years in 1060 patients with 
ischemic heart disease and prior myocardial infarction, a 
baseline GLS >−11.5% was predictive of poor survival, 
with each 5% relative change increasing risk by 1.6-fold 
(P<0.001).41 In patients with non–ST-segment–elevation 
myocardial infarction, an impaired GLS of >−16.5% ef-
fectively identifies severe coronary obstruction, defined 
as obstructive lesions of >70%. The degree of GLS im-
pairment directly correlates with the number of involved 
coronary arteries, enhancing risk stratification.42

CARDIO-ONCOLOGY
LV Functional Assessment and Cancer Therapy
Many anticancer agents are linked to cardiovascular 
side effects, most commonly LV dysfunction and HF, 
collectively called cancer therapeutics–related cardiac 
dysfunction (CTRCD). Given the impact of CTRCD on 
treatment and prognosis, current strategies focus on 
early detection and intervention to minimize myocardial 
injury during continued oncology care. Echocardiography 
is crucial in clinical decision-making before, during, and 
after cancer therapy (Figure 4).43

Surveillance of LVEF has been the main parameter 
for identifying LV dysfunction and defining cardiotoxicity. 
CTRCD is commonly defined as an absolute 5% LVEF 
reduction in symptomatic patients or a 10% decrease to 
<53% in asymptomatic patients. Early detection relies on 
serial echocardiography to detect LVEF decline before 
HF symptoms. However, LVEF has limitations, includ-
ing measurement variability, and is a late indicator, often 
leading to suboptimal LV recovery even with cardiopro-
tective therapy.44 A large body of literature supports the 
diagnostic and predictive value of STE-assessed GLS 
in patients receiving potentially cardiotoxic therapy. As 
a result, guidelines, including the 2022 European Soci-
ety of Cardiology guidelines on cardio-oncology, recom-
mend incorporating GLS into the evaluation of patients 
throughout potentially cardiotoxic cancer therapy45 
(Figure 2).

Value of GLS Before, During, and After Cancer 
Therapy
Baseline GLS can identify high-risk patients and im-
ply prognosis in those receiving anthracycline therapy. 
One study developed a baseline risk score model for 
predicting HF in patients with acute leukemia after an-
thracycline treatment, demonstrating that GLS >−15% 
correlated more strongly with HF risk than an LVEF 
<50%. In addition, a GLS >−15% was independently 
associated with all-cause mortality after adjustment for 
age and leukemia type (P<0.001), whereas cardiovas-
cular disease and baseline LVEF <50% were not.46 GLS 
is particularly useful for patients with LVEF in the lower 

Figure 3. Utility of individual segmental longitudinal strain curve analysis.
A, A patient with ischemic heart disease exhibiting both systolic lengthening (blue curve with early positive longitudinal strain) and postsystolic 
shortening (purple curve with peak longitudinal stain occurring well after aortic valve closure and nearly double the value of systolic strain). B, 
A patient with significant left ventricular electromechanical dyssynchrony (variable peak longitudinal strain of the 6 myocardial segments of the 
specific view denoted by individual white arrows) and markedly increased mechanical dispersion (peak strain SD [PSD], 108 milliseconds). AVC 
indicates aortic valve closure.
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limits of normal, between 50% and 59%, providing in-
cremental prognostic value in predicting HF and overall 
mortality after anthracycline therapy.

Changes in GLS are well documented in patients 
receiving anthracyclines, anti–human epidermal growth 
factor receptor 2 therapy such as trastuzumab, or both. A 
meta-analysis of 21 studies involving 1782 patients with 
various cancer diagnoses found that both absolute and 
relative GLS decreases during treatment predict subse-
quent CTRCD. Notably, the identified cutoff values for 
GLS varied as a result of differences in sample sizes, 
CTRCD definitions, and potential publication bias. A rela-
tive 15% worsening in GLS is generally considered clini-
cally significant and indicates subclinical LV dysfunction. 
These studies collectively confirm the prognostic value 
of GLS for cardiac dysfunction in patients treated with 
anthracyclines, trastuzumab, or both.47

Role of GLS in Guiding Cardioprotection and 
Late Follow-Up of Patients With Cancer
The role of GLS in guiding cardioprotective treatment dur-
ing cardiotoxic therapy was explored in the SUCCOUR-
MRI trial (Strain Surveillance during Chemotherapy for 
Improving Cardiovascular Outcomes) that included 355 
patients, the majority of whom were women with breast 
cancer.48 This randomized trial assessed the benefits 
of neurohormonal blockade in those with isolated GLS 
decline and no significant LVEF change during anthracy-
cline treatment. Patients receiving cardioprotective medi-
cal therapy experienced less LVEF decline at 12 months 
(−2.5±5.4% versus −5.6±5.9%; P=0.009) and higher 

follow-up LVEF (59±5% versus 55±6%; P<0.0001) 
compared with patients receiving standard care. Thus, 
cardioprotective therapy for isolated GLS changes ap-
pears to be linked to less LVEF decline during anthracy-
cline treatment in at-risk patients.

CTRCD can manifest years after treatment, particularly 
after anthracycline therapy or radiotherapy. The St. Jude 
Lifetime Cohort Study found that 31.8% of long-term 
adult survivors of childhood cancers treated with anthra-
cyclines, chest radiation, or both exhibited cardiac dys-
function, indicated by decreased GLS, at a median of 23 
years after diagnosis. Notably, 28% of survivors with nor-
mal LVEF showed cardiac dysfunction according to GLS, 
which was strongly linked to prior treatment exposure.49

VALVULAR HEART DISEASE
Valvular heart disease is characterized by progressive 
hemodynamic derangements in preload and afterload. 
LVEF is a key metric for determining the timing of inter-
vention; however, its sensitivity to geometric factors and 
cardiac loading conditions makes interpretation challeng-
ing. Assessment of GLS in valvular heart disease allows 
the detection of subclinical LV dysfunction, particularly in 
patients with aortic and mitral regurgitation (MR) and AS, 
which supports timely intervention and improves patient 
outcomes (Figure 2).

Aortic Stenosis
In AS, LV pressure overload triggers compensatory hy-
pertrophy to normalize wall stress, often resulting in 

Figure 4. Utility of global longitudinal strain before, during, and after the use of cancer therapeutic agents.
CPT indicates cardioprotective therapy; HF, heart failure; LV, left ventricle; and LVEF, left ventricular ejection fraction.
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preserved LVEF despite myocardial damage. Studies 
have demonstrated the utility of GLS in detecting sub-
clinical LV dysfunction and associated clinical risk in AS. 
In a meta-analysis of 10 studies including 1067 asymp-
tomatic patients with significant AS and LVEF ≥50%, im-
paired LV GLS was associated with a 2.5-fold increase 
in all-cause mortality risk, with an optimal cutoff value of 
>−14.7% (P<0.0001).50

With AS progression, the increased wall stress leads 
to diffuse interstitial collagen accumulation, evolving from 
reactive to replacement interstitial fibrosis. Both LV mass 
and myocardial fibrosis, detected with cardiac magnetic 
resonance (CMR) imaging, are independently associated 
with impaired GLS and portend adverse cardiovascu-
lar outcomes. In 261 patients with moderate to severe 
AS and preserved LVEF, a GLS >−15% predicted LV 
replacement fibrosis with 95% sensitivity independently 
of clinical risk factors, AS severity, and echocardiographic 
measures of LV mass and filling pressure (P<0.001).51 
Last, patients with moderate AS and preserved LVEF 
>50% but impaired GLS >−16% have been observed to 
have a 2-fold increased risk of mortality, which is similar 
to that of patients with an impaired LVEF <50%, high-
lighting the sensitivity of GLS assessment (P<0.001).52

Aortic Regurgitation
Chronic severe aortic regurgitation (AR) leads to LV vol-
ume overload, resulting in eccentric hypertrophy and LV 
dilatation to attenuate wall stress. Once the patient is 
symptomatic or LVEF declines, survival decreases sig-
nificantly without timely surgical intervention. In a pivotal 
study, 84% of deaths in patients with severe AR occurred 
in patients with LV end-systolic diameter index <2 cm/
m², indicating that risk increases even before overt LV re-
modeling.53 In 1063 patients with asymptomatic severe 
AR, LV end-systolic diameter index <2.5 cm/m², and 
LVEF >50%, each unit of worsening GLS independently 
conferred an 11% increased risk of mortality (P=0.003). 
A GLS of >−19.5% was shown to mediate long-term 
survival, and aortic valve surgery at this threshold blunted 
mortality risk (P<0.001).54

Mitral Regurgitation
MR is characterized by pure volume overload, increased 
preload, and normal afterload, which allow LVEF to re-
main normal despite underlying dysfunction. In 737 pa-
tients with asymptomatic primary severe MR, preserved 
LVEF, and normal LV dimensions, a GLS >−21.7% was 
associated with increased mortality, suggesting that 
even “normal” GLS in severe MR is linked to poorer 
outcomes.55 Each unit of worsening GLS independently 
conferred a 60% increased risk of long-term mortality 
(P<0.001), and addition of GLS to traditional risk models 
improved their predictive value. In dilated cardiomyopathy 

with severe secondary MR, GLS has been shown to re-
flect LV dysfunction more accurately than LVEF, although 
larger studies on its clinical utility are warranted.56 Last, 
in 155 patients with symptomatic severe MR and pre-
served LVEF undergoing transcatheter edge-to-edge 
repair, a preprocedural GLS of >−14.5% conferred a 
higher 1-year mortality independently of MR cause and 
Society of Thoracic Surgeons risk score (P<0.001), pro-
viding incremental prognostic value and identifying pa-
tients at higher risk.57

CRT AND IMPLANTABLE CARDIOVERTER 
DEFIBRILLATOR THERAPY
In patients with cardiomyopathy meeting appropriate 
criteria, CRT and implantable cardioverter defibrillators 
are recommended by societal guidelines for the primary 
and secondary prevention of ventricular arrhythmias and 
sudden cardiac death and to improve electromechanical 
function of the LV in the setting of symptomatic HF and 
maximal guideline-directed medical therapy. The use of 
STE has proved invaluable in further understanding the 
complex pathophysiology across the spectrum of car-
diomyopathic causes and provides useful measures for 
clinical prognostication and for predicting response to 
CRT and LV reverse remodeling.

When GLS is assessed by STE, the measure of LV 
mechanical dispersion is calculated as the SD of the time 
to peak longitudinal strain in each of the 17 myocardial 
wall segments analyzed (Figure 3B). Mechanical disper-
sion quantifies the temporal heterogeneity in electro-
mechanical activation of the LV, serving as a surrogate 
for myocardial dyssynchrony and fibrosis. A mechanical 
dispersion >60 milliseconds is generally agreed on as 
the threshold for abnormal, identifies across cardiomyo-
pathic substrates as a reproducible cutoff to predict ven-
tricular arrhythmias, and is associated with mortality risk 
in severe AS.58,59

Radial strain STE describes the systolic LV wall thick-
ening that occurs as a result of longitudinal and circum-
ferential myofiber shortening and finite compressibility 
of the myocardium. Global radial strain is measured 
at the LV basal, midpapillary muscle, and apical levels 
and may be further analyzed regionally or segmentally. 
In patients with HF with reduced ejection fraction and 
LVEF <35% undergoing CRT device implantation, 
radial strain curves can quantify the degree of LV dys-
synchrony and identify the latest activated myocardial 
segment, which may assist in selection of the optimal 
LV pacing site. The TARGET trial (Targeted Left Ven-
tricular Lead Placement to Guide Cardiac Resynchro-
nization Therapy) randomized 220 patients undergoing 
CRT implantation to LV lead placement guided by the 
STE radial strain delay of the latest activated myocar-
dial segment free from scar or fluoroscopic lead place-
ment.60 STE guidance was associated with a greater 
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number of patients experiencing LV reverse remodeling 
(70% versus 55%; P=0.03), higher incidence of clinical 
improvement by ≥1 functional classes (83 versus 65%; 
P=0.003), and greater freedom from death or HF hos-
pitalization (P=0.03) at the midterm follow-up. Similar 
findings were reported in the STARTER trial (Speckle 
Tracking Assisted Resynchronization Therapy for Elec-
trode Region) of 187 patients randomized to radial STE-
guided compared with fluoroscopic lead implantation, 
in which the benefit appeared magnified with a more 
narrowed QRS interval ≤159 milliseconds (P=0.004).61 
Thus, when a CRT device is implanted, an STE-guided 
approach using radial strain may allow more precise site 
selection for LV pacing to enhance reverse remodeling 
and to improve electromechanical synchrony. The mea-
sure of LV mechanical dispersion as part of the GLS 
assessment allows quantitative assessment of this latter 
point.

SUMMARY AND FUTURE DIRECTIONS
As the field of cardiac imaging rapidly evolves, it is im-
portant to identify future directions with regard to STE. 
It is important to note that the interest in and efforts to 
integrate LV strain assessment as a routine and standard 
practice across echocardiography laboratories are grow-
ing. By identifying early or subclinical LV dysfunction, 
strain imaging will allow individual treatment planning, 
optimization of timing for interventions, and nuanced risk 
stratification. Impaired LV GLS consistently shows an in-
dependent association with adverse outcomes, justifying 
its current use for risk stratification. However, outside of 
HF and CTRCD, evidence supporting the use of GLS 
to guide specific changes in clinical management is still 
evolving.

Machine-learning algorithms have shown that auto-
mated measurement of LV GLS may be performed within 
8 seconds, which would support easy routine integra-
tion into laboratory workflow.62 Artificial intelligence and 
deep learning enhance STE, with automated GLS and 
regional strain showing good agreement with conven-
tional methods, accurately identifying subtle LV dysfunc-
tion, and offering rapid, vendor-agnostic results with less 
variability. Future validation and prognostic refinement of 
artificial intelligence–derived strain promise to elevate its 
clinical impact, making it a widely accessible tool for per-
sonalized care.63–65 Nevertheless, it is acknowledged that 
challenges persist in educating nonimaging cardiolo-
gists and internal medicine physicians unfamiliar with the 
interpretation of strain imaging, necessitating structured 
training, workshops, and specialist-clinician collaboration 
to boost adoption.

CMR imaging techniques such as feature tracking 
and tagging offer alternative approaches to STE for 
the assessment of LV strain. There is particular value 
in CMR when assessing cardiomyopathies because 

of its relative independence from acoustic windows, 
larger fields of view, and ability to discern myocardial 
scarring and fibrosis. CMR feature tracking and tag-
ging show good overall agreement with STE for GLS 
and circumferential strain, and CMR outperforms STE 
in detecting regional strain in infarcted myocardium.66 
However, CMR feature tracking has longer acquisition 
times, poorer spatial and temporal resolution, significant 
intervendor variability, and lower strain values compared 
with STE. It also relies on endocardial and epicardial 
contours rather than intramyocardial speckles, leading 
to high segmental strain variability that limits clinical 
use. The high cost and limited availability of CMR and 
patient factors such as claustrophobia and prohibitive 
device implantations also restrict its widespread appli-
cation. Normal reference values for CMR strain imaging 
are essential before widespread clinical implementation.

The development of 3-dimensional echocardiog-
raphy is being expanded to STE, which may enable a 
more accurate assessment of myocardial strain. Unlike 
2-dimensional STE, which relies on multiple planes and 
may miss out-of-plane motion as a result of ventricular 
twisting, 3-dimensional STE captures all strain com-
ponents—longitudinal, circumferential, and radial—in 1 
acquisition, better reflecting the complex 3-dimensional 
organization of myocardial fibers, reducing acquisi-
tion time, and providing dynamic GLS polar maps 
while minimizing nonmyocardial speckle interference. 
However, the lower spatial and temporal resolution of 
3-dimensional STE can limit tracking reliability, particu-
larly for segmental analysis, and current limitations may 
underestimate 3-dimensional global strain compared 
with 2-dimensional values, posing ongoing challenges.9

Continued research and outreach by STE experts 
and collaborations between vendors have enabled sig-
nificant advancements in identifying normative strain 
values across different populations, accounting for 
sex, age, and ethnicity, and have significantly improved 
intervendor comparability. As the interest in and clini-
cal comfort with STE grow, so will its role in assessing 
the impact of the heart on cardiovascular (congenital 
heart disease, myocarditis, inflammatory disorders) and 
noncardiovascular (chronic kidney disease, sepsis, pul-
monary disorders) conditions, which will further expand 
the use of this modality in everyday medical practice. An 
in-depth, multidisciplinary, stepwise recommendation of 
STE is needed to further the modality and to highlight its 
importance in the assessment of myocardial function.

ARTICLE INFORMATION
The American Heart Association makes every effort to avoid any actual or poten-
tial conflicts of interest that may arise as a result of an outside relationship or a 
personal, professional, or business interest of a member of the writing panel. Spe-
cifically, all members of the writing group are required to complete and submit a 
Disclosure Questionnaire showing all such relationships that might be perceived 
as real or potential conflicts of interest.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 18, 2025



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2025;152:e00–e00. DOI: 10.1161/CIR.0000000000001354� TBD TBD, 2025 e11

Mihos et al STE for Assessing LV Structure and Function

This statement was approved by the American Heart Association Sci-
ence Advisory and Coordinating Committee on June 5, 2025, and the 
American Heart Association Executive Committee on June 18, 2025. A 
copy of the document is available at https://professional.heart.org/state-
ments by using either “Search for Guidelines & Statements” or the “Browse 
by Topic” area. To purchase additional reprints, call 215-356-2721 or email  
Meredith.Edelman@wolterskluwer.com

The American Heart Association requests that this document be cited as fol-
lows: Mihos CG, Liu JE, Anderson KM, Pernetz MA, O’Driscoll JM, Aurigemma GP, 
Ujueta F, Wessly P; on behalf of the American Heart Association Council on Pe-
ripheral Vascular Disease; Council on Cardiovascular and Stroke Nursing; and 
Council on Clinical Cardiology. Speckle-tracking strain echocardiography for the 
assessment of left ventricular structure and function: a scientific statement from 

the American Heart Association. Circulation. 2025;152:e•••–e•••. doi: 10.1161/
CIR.0000000000001354

The expert peer review of AHA-commissioned documents (eg, scientific 
statements, clinical practice guidelines, systematic reviews) is conducted by the 
AHA Office of Science Operations. For more on AHA statements and guidelines 
development, visit https://professional.heart.org/statements. Select the “Guide-
lines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and dis-
tribution of this document are not permitted without the express permission of the 
American Heart Association. Instructions for obtaining permission are located at 
https://www.heart.org/permissions. A link to the “Copyright Permissions Request 
Form” appears in the second paragraph (https://www.heart.org/en/about-us/
statements-and-policies/copyright-request-form).

Writing Group Disclosures

Writing 
group 
member Employment Research grant

Other 
research 
support

Speakers’ 
bureau/
honoraria

Expert 
witness

Ownership 
interest

Consultant/
advisory 
board Other

Priscilla 
Wessly

Aurora Cardiovascular and 
Thoracic Services, Aurora 
Sinai/Aurora St. Luke’s 
Medical Centers

None None None None None None None

Christos G. 
Mihos

Mount Sinai Medical Center Florida Heart Research 
Foundation (echo research 
on cardiac rehabilitation and 
strain echocardiography)†; GE 
Healthcare (echo research on 
right-sided heart function and strain 
echocardiography)†

None GE 
Healthcare†

None None None None

Kelley M. 
Anderson

University of Virginia School 
of Nursing

None None None None None None None

Gerard P. 
Aurigemma

University of Massachusetts 
Medical School

None None None None None None None

Jennifer E. 
Liu

Memorial Sloan Kettering 
Cancer Center

None None None None None Cytel* None

Jamie M. 
O’Driscoll

Diabetes Research Centre, 
College of Life Sciences, 
University of Leicester (United 
Kingdom)

None None None None None None None

Maria 
Alexandra 
Pernetz

Self-employed None None None None None None None

Francisco 
Ujueta

Brigham and Women’s 
Hospital

None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on the 
Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if (a) the person 
receives $5000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the 
entity, or owns $5000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.
†Significant.

Reviewer Disclosures

Reviewer Employment Research grant
Other research 
support

Speakers’ bureau/
honoraria

Expert 
witness

Ownership 
interest

Consultant/
advisory 
board Other

Jose 
Banchs

University of Colorado None None None None None None None

Thomas H. 
Marwick

Baker Heart and 
Diabetes Institute 
(Australia)

National Health and 
Medical Research Council 
(grants including the use of 
myocardial strain)*

None None None None None None

Denisa 
Muraru

Istituto Auxologico 
Italiano, IRCCS (Italy)

None None GE Healthcare*; 
Philips*

None None None None

(Continued )

Disclosures

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 18, 2025



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

TBD TBD, 2025� Circulation. 2025;152:e00–e00. DOI: 10.1161/CIR.0000000000001354e12

Mihos et al STE for Assessing LV Structure and Function

REFERENCES
	 1.	 Luis SA, Chan J, Pellikka PA. Echocardiographic assessment of left ven-

tricular systolic function: an overview of contemporary techniques, including 
speckle-tracking echocardiography. Mayo Clin Proc. 2019;94:125–138. doi: 
10.1016/j.mayocp.2018.07.017

	 2.	 Stanton T, Leano R, Marwick TH. Prediction of all-cause mortality from 
global longitudinal speckle strain: comparison with ejection fraction and 
wall motion scoring. Circ Cardiovasc Imaging. 2009;2:356–364. doi: 
10.1161/CIRCIMAGING.109.862334

	 3.	 Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux G, 
Galderisi M, Marwick T, Nagueh SF, Sengupta PP, et al. Current and evolving 
echocardiographic techniques for the quantitative evaluation of cardiac me-
chanics: ASE/EAE consensus statement on methodology and indications. J 
Am Soc Echocardiogr. 2011;24:277–313. doi: 10.1016/j.echo.2011.01.015

	 4.	 Voigt JU, Pedrizzetti G, Lysyansky P, Marwick TH, Houle H, Baumann R, 
Pedri S, Ito Y, Abe Y, Metz S, et al. Definitions for a common standard for 
2D speckle tracking echocardiography: consensus document of the EACVI/
ASE/Industry Task Force to standardize deformation imaging. J Am Soc 
Echocardiogr. 2015;28:183–193. doi: 10.1016/j.echo.2014.11.003

	 5.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, et al. Recommenda-
tions for cardiac chamber quantification by echocardiography in adults: an 
update from the American Society of Echocardiography and the European 
Association of Cardiovascular Imaging. J Am Soc Echocardiogr. 2015;28:1–
39.e14. doi: 10.1016/j.echo.2014.10.003

	 6.	 Buckberg GD, Hoffman JI, Coghlan HC, Nanda NC. Ventricular structure-
function relations in health and disease, part I: the normal heart. Eur J Car-
diothorac Surg. 2015;47:587–601. doi: 10.1093/ejcts/ezu278

	 7.	 Stokke TM, Hasselberg NE, Smedsrud MK, Sarvari SI, Haugaa KH, Smiseth 
OA, Edvardsen T, Remme EW. Geometry as a confounder when assessing 
ventricular systolic function: comparison between ejection fraction and strain. 
J Am Coll Cardiol. 2017;70:942–954. doi: 10.1016/j.jacc.2017.06.046

	 8.	 Kouris NT, Kostopoulos VS, Psarrou GA, Kostakou PM, Tzavara C, Olympios 
CD. Left ventricular ejection fraction and global longitudinal strain variability 
between methodology and experience. Echocardiography. 2021;38:582–
589. doi: 10.1111/echo.15025

	 9.	 Voigt JU, Cvijic M. 2- and 3-Dimensional myocardial strain in cardiac 
health and disease. JACC Cardiovasc Imaging. 2019;12:1849–1863. doi: 
10.1016/j.jcmg.2019.01.044

	10.	 Ünlü S, Mirea O, Pagourelias ED, Duchenne J, Bézy S, Bogaert J, Thomas 
JD, Badano LP, Voigt JU; EACVI-ASE-Industry Standardization Task Force. 
Layer-specific segmental longitudinal strain measurements: capability of 
detecting myocardial scar and differences in feasibility, accuracy, and repro-
ducibility among four vendors: a report from the EACVI- ASE Strain Stan-
dardization Task Force. J Am Soc Echocardiogr. 2019;32:624–632.e11. doi: 
10.1016/j.echo.2019.01.010

	11.	 Donal E, Bergerot C, Thibault H, Ernande L, Loufoua J, Augeul L, Ovize 
M, Derumeaux G. Influence of afterload on left ventricular radial and lon-
gitudinal systolic functions: a two-dimensional strain imaging study. Eur J 
Echocardiogr. 2009;10:914–921. doi: 10.1093/ejechocard/jep095

	12.	 Fisicaro S, Clement A, Tomaselli M, Penso M, Rota A, Menna A, Badano LP, 
Muraru D. Timing and patient position during cuff blood pressure measure-
ment affect myocardial work parameters measured by echocardiography. J 
Am Soc Echocardiogr. 2024;37:690–697. doi: 10.1016/j.echo.2024.03.018

	13.	 Lin J, Wu W, Gao L, He J, Zhu Z, Pang K, Wang J, Liu M, Wang H. Global 
myocardial work combined with treadmill exercise stress to detect signifi-
cant coronary artery disease. J Am Soc Echocardiogr. 2022;35:247–257. 
doi: 10.1016/j.echo.2021.10.009

	14.	 Chan J, Edwards NFA, Khandheria BK, Shiino K, Sabapathy S, Anderson B, 
Chamberlain R, Scalia GM. A new approach to assess myocardial work by 
non-invasive left ventricular pressure-strain relations in hypertension and 
dilated cardiomyopathy. Eur Heart J Cardiovasc Imaging. 2019;20:31–39. 
doi: 10.1093/ehjci/jey131

	15.	 Russell K, Eriksen M, Aaberge L, Wilhelmsen N, Skulstad H, Gjesdal O, 
Edvardsen T, Smiseth OA. Assessment of wasted myocardial work: a novel 
method to quantify energy loss due to uncoordinated left ventricular con-
tractions. Am J Physiol Heart Circ Physiol. 2013;305:H996–1003. doi: 
10.1152/ajpheart.00191.2013

	16.	 Roemer S, Jaglan A, Santos D, Umland M, Jain R, Tajik AJ, Khandheria BK. 
The utility of myocardial work in clinical practice. J Am Soc Echocardiogr. 
2021;34:807–818. doi: 10.1016/j.echo.2021.04.013

	 17.	 Bozkurt B, Coats AJS, Tsutsui H, Abdelhamid CM, Adamopoulos S, Albert 
N, Anker SD, Atherton J, Böhm M, Butler J, et al. Universal definition and 
classification of heart failure: a report of the Heart Failure Society of Amer-
ica, Heart Failure Association of the European Society of Cardiology, Japa-
nese Heart Failure Society and Writing Committee of the Universal Definition 
of Heart Failure. Eur J Heart Fail. 2021;23:352–380. doi: 10.1002/ejhf.2115

	18.	 Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, 
Deswal A, Drazner MH, Dunlay SM, Evers LR, et al. 2022 AHA/ACC/
HFSA guideline for the management of heart failure: a report of the 
American College of Cardiology/American Heart Association Joint 
Committee on Clinical Practice Guidelines [published corrections ap-
pear in Circulation. 2022;144:e1033, Circulation. 2022;146:e185, and 
Circulation. 2023;147:e674]. Circulation. 2022;145:e895–e1032. doi: 
10.1016/CIR.0000000000001063

	19.	 Shah AM, Claggett B, Loehr LR, Chang PP, Matsushita K, Kitzman D, 
Konety S, Kucharska-Newton A, Sueta CA, Mosley TH, et al. Heart fail-
ure stages among older adults in the community: the Atherosclero-
sis Risk in Communities study. Circulation. 2017;135:224–240. doi: 
10.1161/CIRCULATIONAHA.116.023361

	20.	 DeVore AD, McNulty S, Alenezi F, Ersboll M, Vader JM, Oh JK, Lin G, 
Redfield MM, Lewis G, Semigran MJ, et al. Impaired left ventricular global 
longitudinal strain in patients with heart failure with preserved ejection frac-
tion: insights from the RELAX trial. Eur J Heart Fail. 2017;19:893–900. doi: 
10.1002/ejhf.754

	21.	 Kraigher-Krainer E, Shah AM, Gupta DK, Santos A, Claggett B, Pieske B, 
Zile MR, Voors AA, Lefkowitz MP, Packer M, et al; PARAMOUNT Inves-
tigators. Impaired systolic function by strain imaging in heart failure with 
preserved ejection fraction. J Am Coll Cardiol. 2014;63:447–456. doi: 
10.1016/j.jacc.2013.09.052

	22.	 Sengeløv M, Jørgensen PG, Jensen JS, Bruun NE, Olsen FJ, Fritz-Hansen 
T, Nochioka K, Biering-Sørensen T. Global longitudinal strain is a su-
perior predictor of all-cause mortality in heart failure with reduced ejec-
tion fraction. JACC Cardiovasc Imaging. 1359;8:1351–1359. doi: 
10.1016/j.jcmg.2015.07.013

	23.	 Motoki H, Borowski AG, Shrestha K, Troughton RW, Tang WH, Thomas JD, 
Klein AL. Incremental prognostic value of assessing left ventricular myo-
cardial mechanics in patients with chronic systolic heart failure. J Am Coll 
Cardiol. 2012;60:2074–2081. doi: 10.1016/j.jacc.2012.07.047

Reviewer Employment Research grant
Other research 
support

Speakers’ bureau/
honoraria

Expert 
witness

Ownership 
interest

Consultant/
advisory 
board Other

Salima 
Qamruddin

Ochsner Medical 
Center

None None None None None None None

Marta 
Sitges

Thorax Institute, 
IDIBAPS, University 
of Barcelona (Spain)

None None General Electric*; 
Siemens 
Healthineers*; 
Canon Medical*

General 
Electric*

None General 
Electric*

None

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure Ques-
tionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $5000 or more during any 
12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns $5000 or more of 
the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.

*Modest.

Reviewer Disclosures Continued

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 18, 2025



CLINICAL STATEM
ENTS 

AND GUIDELINES

Circulation. 2025;152:e00–e00. DOI: 10.1161/CIR.0000000000001354� TBD TBD, 2025 e13

Mihos et al STE for Assessing LV Structure and Function

	24.	 Chimed S, Stassen J, Galloo X, Meucci MC, Knuuti J, Delgado V, van der Bijl 
P, Ajmone Marsan N, Bax JJ. Prognostic relevance of left ventricular global 
longitudinal strain in patients with heart failure and reduced ejection frac-
tion. Am J Cardiol. 2023;202:30–40. doi: 10.1016/j.amjcard.2023.06.058

	25.	 Afonso L, Kondur A, Simegn M, Niraj A, Hari P, Kaur R, Ramappa P, Pradhan 
J, Bhandare D, Williams KA, et al. Two-dimensional strain profiles in patients 
with physiological and pathological hypertrophy and preserved left ventricu-
lar systolic function: a comparative analyses. BMJ Open. 2012;2:e001390. 
doi: 10.1136/bmjopen-2012-001390

	26.	 Liu H, Pozios I, Haileselassie B, Nowbar A, Sorensen LL, Phillip S, Lu DY, 
Ventoulis I, Luo H, Abraham MR, et al. Role of global longitudinal strain 
in predicting outcomes in hypertrophic cardiomyopathy. Am J Cardiol. 
2017;120:670–675. doi: 10.1016/j.amjcard.2017.05.039

	 27.	 Mihos CG, Horvath SA, Fernandez R, Escolar E. Left ventricular strain 
and myocardial work in apical hypertrophic cardiomyopathy. J Thorac Dis. 
2023;15:3197–3207. doi: 10.21037/jtd-23-202

	28.	 Mihos CG, Guigui SA, Horvath SA, Venkataraman P, Fernandez R, Elajami 
TK. Presence of apical aneurysm and its impact on left ventricular mechanics 
and mechano-energetic coupling in patients with apical hypertrophic cardio-
myopathy. Echocardiography. 2024;41:e15938. doi: 10.1111/echo.15938

	29.	 Alnaimat S, Mascara M, Lygouris G, Biederman RWW. Blueberry-on-top 
phenomenon in apical variant hypertrophic cardiomyopathy. CASE (Phila). 
2024;8:296–302. doi: 10.1016/j.case.2024.01.006

	30.	 Ternacle J, Bodez D, Guellich A, Audureau E, Rappeneau S, Lim P, Radu 
C, Guendouz S, Couetil JP, Benhaiem N, et al. Causes and consequences 
of longitudinal LV dysfunction assessed by 2D strain echocardiography 
in cardiac amyloidosis. JACC Cardiovasc Imaging. 2016;9:126–138. doi: 
10.1016/j.jcmg.2015.05.014

	31.	 Phelan D, Collier P, Thavendiranathan P, Popović ZB, Hanna M, Plana JC, 
Marwick TH, Thomas JD. Relative apical sparing of longitudinal strain using 
two-dimensional speckle- tracking echocardiography is both sensitive and 
specific for the diagnosis of cardiac amyloidosis. Heart. 2012;98:1442–
1448. doi: 10.1136/heartjnl-2012-302353

	32.	 Bastos-Fernandez M, Lopez-Otero D, Lopez-Pais J, Pubul-Nuñez V, 
Neiro-Rey C, Lado- Baleato O, Gude-Sampedro F, Alvarez-Barredo M, 
Gonzalez-Salvado V, Pena-Gil C, et al. Echocardiographic phenotype in se-
vere aortic stenosis with and without transthyretin cardiac amyloidosis: the 
AMY-TAVI Study. Eur Heart J Cardiovasc Imaging. 2025;26:261–272. doi: 
10.1093/ehjci/jeae263

	33.	 Singh V, Soman P, Malhotra S. Reduced diagnostic accuracy of 
apical-sparing strain abnormality for cardiac amyloidosis in patients with 
chronic kidney disease. J Am Soc Echocardiogr. 2020;33:913–916. doi: 
10.1016/j.echo.2020.03.012

	34.	 Chang HC, Kuo L, Sung SH, Niu DM, Yu WC. Prognostic implications of 
left ventricular hypertrophy and mechanical function in Fabry disease: a 
longitudinal cohort study. J Am Soc Echocardiogr. 2024;37:787–796. doi: 
10.1016/j.echo.2024.04.010

	35.	 Kottam A, Hanneman K, Schenone A, Daubert MA, Sidhu GD, Gropler 
RJ, Garcia MJ; on behalf of the American Heart Association Council on 
Cardiovascular Radiology and Intervention. State-of-the-art imaging 
of infiltrative cardiomyopathies: a scientific statement from the Ameri-
can Heart Association. Circ Cardiovasc Imaging. 2023;16:e000081. doi: 
10.1161/HCI.0000000000000081

	36.	 Marwick TH. ASE’s Comprehensive Strain Imaging. Elsevier; 2022.
	 37.	 Karlsen S, Dahlslett T, Grenne B, Sjøli B, Smiseth O, Edvardsen T, Brunvand 

H. Global longitudinal strain is a more reproducible measure of left ventricu-
lar function than ejection fraction regardless of echocardiographic training. 
Cardiovasc Ultrasound. 2019;17:18. doi: 10.1186/s12947-019-0168-9

	38.	 Brainin P, Hoffmann S, Fritz-Hansen T, Olsen FJ, Jensen JS, Biering-Sørensen 
T. Usefulness of postsystolic shortening to diagnose coronary artery disease 
and predict future cardiovascular events in stable angina pectoris. J Am Soc 
Echocardiogr. 2018;31:870–879.e3. doi: 10.1016/j.echo.2018.05.007

	39.	 Vrints C, Andreotti F, Koskinas KC, Rossello X, Adamo M, Ainslie J, 
Banning AP, Budaj A, Buechel RR, Chiariello GA, et al; ESC Scien-
tific Document Group. 2024 ESC guidelines for the management of 
chronic coronary syndromes. Eur Heart J. 2024;45:3415–3537. doi: 
10.1093/eurheartj/ehae177

	40.	 Joyce E, Hoogslag GE, Leong DP, Debonnaire P, Katsanos S, Boden H, 
Schalij MJ, Marsan NA, Bax JJ, Delgado V. Association between left ven-
tricular global longitudinal strain and adverse left ventricular dilatation af-
ter ST-segment-elevation myocardial infarction. Circ Cardiovasc Imaging. 
2014;7:74–81. doi: 10.1161/CIRCIMAGING.113.000982

	41.	 Bertini M, Ng AC, Antoni ML, Nucifora G, Ewe SH, Auger D, Marsan NA, 
Schalij MJ, Bax JJ, Delgado V. Global longitudinal strain predicts long-term 

survival in patients with chronic ischemic cardiomyopathy. Circ Cardiovasc 
Imaging. 2012;5:383–391. doi: 10.1161/CIRCIMAGING.111.970434

	42.	 Tibaldi MA, Ruiz C, Servato ML, Urinovsky M, Moreyra EA, Sarmiento PE, 
Moreyra C, Moreyra E. Left ventricular longitudinal global strain to predict 
severe coronary disease in patients with precordial pain suggestive of 
non-ST-segment elevation acute coronary syndrome. J Cardiovasc Echogr. 
2020;30:187–192. doi: 10.4103/jcecho.jcecho_57_20

	43.	 Liu J, Banchs J, Mousavi N, Plana JC, Scherrer-Crosbie M, Thavendiranathan 
P, Barac A. Contemporary role of echocardiography for clinical decision-
making in patients during and after cancer therapy. JACC Cardiovasc Imag-
ing. 2018;11:1122–1131. doi: 10.1016/j.jcmg.2018.03.025

	44.	 Cardinale D, Colombo A, Bacchiani G, Tedeschi I, Meroni CA, Veglia F, Civelli 
M, Lamantia G, Colombo N, Curigliano G, et al. Early detection of anthracy-
cline cardiotoxicity and improvement with heart failure therapy. Circulation. 
2015;131:1981–1988. doi: 10.1161/CIRCULATIONAHA.114.013777

	45.	 Lyon AR, López-Fernández T, Couch LS, Asteggiano R, Aznar MC, 
Bergler-Klein J, Boriani G, Cardinale D, Cordoba R, Cosyns B, et al; ESC 
Scientific Document Group. 2022 ESC guidelines on cardio-oncology 
developed in collaboration with the European Hematology Association 
(EHA), the European Society for Therapeutic Radiology and Oncology (ES-
TRO) and the International Cardio-Oncology Society (IC-OS). Eur Heart J. 
2022;43:4229–4361. doi: 10.1093/eurheartj/ehac244

	46.	 Kang Y, Assuncao BL, Denduluri S, McCurdy S, Luger S, Lefebvre B, Carver 
J, Scherrer-Crosbie M. Symptomatic heart failure in acute leukemia pa-
tients treated with anthracyclines. JACC CardioOncol. 2019;1:208–217. doi: 
10.1016/j.jaccao.2019.10.008

	 47.	 Oikonomou EK, Kokkinidis DG, Kampaktsis PN, Amir EA, Marwick TH, 
Gupta D, Thavendiranathan P. Assessment of prognostic value of left 
ventricular global longitudinal strain for early prediction of chemotherapy-
induced cardiotoxicity: a systematic review and meta-analysis. JAMA Cardiol. 
2019;4:1007–1018. doi: 10.1001/jamacardio.2019.2952

	48.	 Marwick TH, Dewar E, Nolan M, Shirazi M, Dias P, Wright L, Fitzgerald B, 
Kearney L, Srivastava P, Atherton J, et al; SUCCOUR-MRI investigators. 
Strain surveillance during chemotherapy to improve cardiovascular out-
comes: the SUCCOUR-MRI trial. Eur Heart J. 2024;45:4414–4424. doi: 
10.1093/eurheartj/ehae574

	49.	 Armstrong GT, Joshi VM, Ness KK, Marwick TH, Zhang N, Srivastava D, 
Griffin BP, Grimm RA, Thomas J, Phelan D, et al. Comprehensive echocar-
diographic detection of treatment- related cardiac dysfunction in adult sur-
vivors of childhood cancer: results from the St. Jude Lifetime Cohort Study. 
J Am Coll Cardiol. 2015;65:2511–2522. doi: 10.1016/j.jacc.2015.04.013

	50.	 Magne J, Cosyns B, Popescu BA, Carstensen HG, Dahl J, Desai MY, Kearney 
L, Lancellotti P, Marwick TH, Sato K, et al. Distribution and prognostic sig-
nificance of left ventricular global longitudinal strain in asymptomatic sig-
nificant aortic stenosis: an individual participant data meta-analysis. JACC 
Cardiovasc Imaging. 2019;12:84–92. doi: 10.1016/j.jcmg.2018.11.005

	51.	 Le TT, Huang W, Singh GK, Toh DF, Ewe SH, Tang HC, Loo G, Bryant JA, 
Ang B, Tay EL, et al. Echocardiographic global longitudinal strain is associ-
ated with myocardial fibrosis and predicts outcomes in aortic stenosis. Front 
Cardiovasc Med. 2021;8:750016. doi: 10.3389/fcvm.2021.750016

	52.	 Stassen J, Pio SM, Ewe SH, Singh GK, Hirasawa K, Butcher SC, Cohen DJ, 
Généreux P, Leon MB, Marsan NA, et al. Left ventricular global longitudinal 
strain in patients with moderate aortic stenosis. J Am Soc Echocardiogr. 
2022;35:791–800.e4. doi: 10.1016/j.echo.2022.03.008

	53.	 Mentias A, Feng K, Alashi A, Rodriguez LL, Gillinov AM, Johnston DR, 
Sabik JF, Svensson LG, Grimm RA, Griffin BP, et al. Long-term out-
comes in patients with aortic regurgitation and preserved left ven-
tricular ejection fraction. J Am Coll Cardiol. 2016;68:2144–2153. doi: 
10.1016/j.jacc.2016.08.045

	54.	 Alashi A, Mentias A, Abdallah A, Feng K, Gillinov AM, Rodriguez LL, 
Johnston DR, Svensson LG, Popovic ZB, Griffin BP, et al. Incremental prog-
nostic utility of left ventricular global longitudinal strain in asymptomatic 
patients with significant chronic aortic regurgitation and preserved left ven-
tricular ejection fraction. JACC Cardiovasc Imaging. 2018;11:673–682. doi: 
10.1016/j.jcmg.2017.02.016

	55.	 Mentias A, Naji P, Gillinov AM, Rodriguez LL, Reed G, Mihaljevic T, Suri 
RM, Sabik JF, Svensson LG, Grimm RA, et al. Strain echocardiography 
and functional capacity in asymptomatic primary mitral regurgitation with 
preserved ejection fraction. J Am Coll Cardiol. 2016;68:1974–1986. doi: 
10.1016/j.jacc.2016.08.030

	56.	 Kamperidis V, Marsan NA, Delgado V, Bax JJ. Left ventricular systolic func-
tion assessment in secondary mitral regurgitation: left ventricular ejec-
tion fraction vs. speckle tracking global longitudinal strain. Eur Heart J. 
2016;37:811–816. doi: 10.1093/eurheartj/ehv680

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 18, 2025



CL
IN

IC
AL

 S
TA

TE
M

EN
TS

 
AN

D 
GU

ID
EL

IN
ES

TBD TBD, 2025� Circulation. 2025;152:e00–e00. DOI: 10.1161/CIR.0000000000001354e14

Mihos et al STE for Assessing LV Structure and Function

	 57.	 Fukui M, Niikura H, Sorajja P, Hashimoto G, Bae R, Garcia S, Gössl M, 
Cavalcante JL. Identification of subclinical myocardial dysfunction and as-
sociation with survival after transcatheter mitral valve repair. J Am Soc Echo-
cardiogr. 2020;33:1474–1480. doi: 10.1016/j.echo.2020.07.003

	58.	 Kawakami H, Nerlekar N, Haugaa KH, Edvardsen T, Marwick TH. Prediction 
of ventricular arrhythmias with left ventricular mechanical dispersion: a sys-
tematic review and meta-analysis. JACC Cardiovasc Imaging. 2020;13:562–
572. doi: 10.1016/j.jcmg.2019.03.025

	59.	 Klaeboe LG, Haland TF, Leren IS, Ter Bekke RMA, Brekke PH, Røsjø H, 
Omland T, Gullestad L, Aakhus S, Haugaa KH, et al. Prognostic value of left 
ventricular deformation parameters in patients with severe aortic stenosis: a 
pilot study of the usefulness of strain echocardiography. J Am Soc Echocar-
diogr. 2017;30:727–735.e1. doi: 10.1016/j.echo.2017.04.009

	60.	 Khan FZ, Virdee MS, Palmer CR, Pugh PJ, O’Halloran D, Elsik M, Read 
PA, Begley D, Fynn SP, Dutka DP. Targeted left ventricular lead place-
ment to guide cardiac resynchronization therapy: the TARGET study: a 
randomized, controlled trial. J Am Coll Cardiol. 2012;59:1509–1518. doi: 
10.1016/j.jacc.2011.12.030

	61.	 Saba S, Marek J, Schwartzman D, Jain S, Adelstein E, White P, Oyenuga 
OA, Onishi T, Soman P, Gorcsan J 3rd. Echocardiography-guided left 
ventricular lead placement for cardiac resynchronization therapy: re-
sults of the Speckle Tracking Assisted Resynchronization Thera-
py for Electrode Region trial. Circ Heart Fail. 2013;6:427–434. doi: 
10.1161/CIRCHEARTFAILURE.112.000078

	62.	 Knackstedt C, Bekkers SC, Schummers G, Schreckenberg M, Muraru D, 
Badano LP, Franke A, Bavishi C, Omar AM, Sengupta PP. Fully automated 
versus standard tracking of left ventricular ejection fraction and longitudinal 
strain: the FAST-EFs multicenter study. J Am Coll Cardiol. 2015;66:1456–
1466. doi: 10.1016/j.jacc.2015.07.052

	63.	 Myhre PL, Hung CL, Frost MJ, Jiang Z, Ouwerkerk W, Teramoto K, Svedlund 
S, Saraste A, Hage C, Tan RS, et al. External validation of a deep learning 
algorithm for automated echocardiographic strain measurements. Eur Heart 
J Digit Health. 2023;5:60–68. doi: 10.1093/ehjdh/ztad072

	64.	 Kwan AC, Chang EW, Jain I, Theurer J, Tang X, Francisco N, Haddad 
F, Liang D, Fábián A, Ferencz A, et al. Deep learning-derived myo-
cardial strain. JACC Cardiovasc Imaging. 2024;17:715–725. doi: 
10.1016/j.jcmg.2024.01.011

	65.	 O’Driscoll JM, Hawkes W, Beqiri A, Mumith A, Parker A, Upton R, 
McCourt A, Woodward W, Dockerill C, Sabharwal N, et al. Left ventricu-
lar assessment with artificial intelligence increases the diagnostic accu-
racy of stress echocardiography. Eur Heart J Open. 2022;2:oeac059. doi: 
10.1093/ehjopen/oeac059

	66.	 Amzulescu MS, Langet H, Saloux E, Manrique A, Boileau L, Slimani 
A, Allain P, Roy C, de Meester C, Pasquet A, et al. Head-to-head 
comparison of global and regional two-dimensional speckle track-
ing strain versus cardiac magnetic resonance tagging in a multicenter 
validation study. Circ Cardiovasc Imaging. 2017;10:e006530. doi: 
10.1161/CIRCIMAGING.117.006530

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 18, 2025


	Speckle-Tracking Strain Echocardiography for the Assessment of Left Ventricular Structure and Function: A Scientific Statement From the American Heart Association
	Principles and Technical Considerations
	Overview of LV Anatomy, Deformation, and Mechanics
	Basic Principles
	Common Pitfalls and Solutions

	HF and Cardiomyopathies
	Preclinical HF
	HF With Preserved Ejection Fraction

	HF With Reduced Ejection Fraction
	Hypertrophic Cardiomyopathy
	Cardiac Amyloidosis
	Anderson-Fabry Disease

	Ischemic Heart Disease
	Regional LV Deformation, Systolic Lengthening, and Postsystolic Shortening
	Acute and Chronic Coronary Syndromes
	LV Functional Assessment and Cancer Therapy


	Cardio-Oncology
	Value of GLS Before, During, and After Cancer Therapy
	Role of GLS in Guiding Cardioprotection and Late Follow-Up of Patients With Cancer

	Valvular Heart Disease
	Aortic Stenosis
	Aortic Regurgitation
	Mitral Regurgitation

	CRT and Implantable Cardioverter Defibrillator Therapy
	Summary and Future Directions
	Article Information
	Disclosures

	References


