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ABSTRACT 

Background An initial assessment method for coronary artery disease 

(CAD) is echocardiography, which aids medical professionals in the 

diagnosis and prognostication of cardiac conditions. Visual assessment of 

wall motion anomalies, however, is not always successful in differentiating 

between myocardial ischemia that is less obvious or brief. Since it can 

locate ischemic territories in accordance with coronary lesions and identify 

subtle myocardial damage, speckle tracking echocardiography (STE) is a 

widely accessible noninvasive tool that can quickly and easily provide 

additional information over basic echocardiography. This allows for a clear 

visualization with a "polar map" that is useful for differential diagnosis and 

management. As a result, it has been used more often in both acute and 

chronic coronary syndromes with stress and rest echocardiogram, 

demonstrating positive outcomes in terms of left ventricular remodeling, 

clinical outcome prediction, CAD prediction, and the presence and 

measurement of new or residual ischemia. This review's objective is to 

present the most recent data on STE's value in CAD assessment and follow-

up. Conclusions: Beyond ECG and biomarkers, echocardiography is a 

milestone for the evaluation of CAD in acute and chronic settings. STE 

could provide an additive value over visual wall motion assessment both for 

diagnostic and prognostic assessment, and the inclusion of LVGLS in 

clinical diagnostic workup of these patients is supported by plenty of 

evidence and clear advantages overweighing the intrinsic limitations of STE 

technique. However, further studies are needed to confirm the potential 

value of other chambers’ strain. 
Keywords: Speckle Tracking, Echocardiography, Coronary Artery Disease. 

 

INTRODUCTION 

n most labs, the visual identification of 

endocardial wall motion anomalies and the 

assessment of left ventricular (LV) ejection fraction 

are used in the echocardiographic evaluation of 

regional myocardial function, which is crucial to the 

diagnosis and treatment of ischemic heart disease. 

Nevertheless, this method is dependent on the 

operator, subjective, and requires full vision of the 

endocardium. It is also affected by heart rate and 

cardiac workload. Consequently, an objective, 

thorough, noninvasive method of measuring cardiac 

contractility and function that has a reasonable 

degree of interpretive variability is required [1].  

More recent indices, such as myocardial strain and 

strain rate (SR), may be able to get beyond these 

restrictions. A process that requires energy and 

happens in both the systole and diastole of the heart, 

myocardial deformation is represented by strain and 

heart rate, respectively. Detecting regional 

myocardial dysfunction is made sensitively possible 
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by abnormalities of myocardial deformation, which 

are observed early in the development of several 

pathophysiologic conditions, including ischemia 

[2]. 

By using velocity gradients along the 

cardiac tissue, tissue Doppler also enables the 

indirect computation of myocardial deformation. 

This makes it possible to quantify myocardial strain 

and strain rate (SR) and to accurately characterize 

cardiac deformation. These deformation indices are 

direct measures of cardiac contractility since they 

are unaffected by the tethering phenomenon [3]. 

A novel noninvasive ultrasound technique 

for measuring myocardial mechanics is called 

speckle tracking echocardiography, or STE. By 

monitoring natural acoustic reflection and 

interference patterns within a predetermined 

ultrasonic window, it assesses tissue mobility. An 

image processing algorithm is used to monitor these 

pixels, known as kernels, which are groups of 20–

40 pixels that include markers or fingerprints known 

as speckles [4]. As a result, this modality analyzes 

tissue motion and deformation independently of 

angle. Therefore, tissue Doppler strain, which 

indirectly calculates strain from velocity gradients, 

is not as reliable as STE, which evaluates 

myocardial deformation or strain directly. Doppler 

derived strain is highly dependent on the angle of 

interrogation, making it unpredictable in the 

parasternal long axis and short axis planes and 

likely only reliable in the apical imaging planes[5].   

What is strain and strain rate? 

Strain:  A hypothetical one-dimensional object, 

such as a line, can only deform in one direction 

either it will shorten or lengthen and strain is 

defined as the deformation of an item normalized to 

its initial shape. Below is an illustration of this. 

Since strain is the definition of the relative amount 

of deformation, it can be expressed as follows: 

 

Where ε = strain, L0 = baseline length and L = 

instantaneous length at the time of 

measurement[6].  

The deformation of two-dimensional (2D) objects is 

not restricted to a single direction of stretching or 

shortening. A two-dimensional item can exhibit 

normal strain, which is the lengthening or 

shortening of the object along the x or y axis, and 

shear strain, which is the distortion caused by the 

relative movement of the top to lower border or the 

right to left border. Two normal strains and two 

shear strains make up the four components of strain 

in two dimensions [7].  As a percentage change 

from the original dimension, strain (ε) is a 

dimensionless index of deformation. The rate of this 

deformation is measured by SR, which is 

represented in units of seconds. It is measured in s -

1 [2].  

Types of strains:  

Myocardial deformation can be observed in three 

directions: longitudinal, circumferential, and radial. 

while the myocardium shortens longitudinally, 

decreases circumferentially, and thickens radially 

during systole, end diastole should be used as a 

fixed reference point [8].  

Consequently, there are three basic categories of 

strains: 1. Circumferential strain (CS) 2. 

Longitudinal strain (LS) 3. Strain radial (RS). 

Figure (1) shows that the myocardial deformation is 

positive radially (positive RS) and negative 

longitudinally and circumferentially (negative LS 

and CS). 
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Figure (1): 1A to C: STE, diagrammatic 

representation of speckles in left ventricle wall and 

their relative motion to each other depicting 

longitudinal strain in 4C (A), circumferential strain 

(B), and radial strain (C) in short axis views [9]. 

The typical ranges for LS are −15% to −20%, 

CS<20% and −25%, RS<30% and 40%, and the 

peak systolic SR is −1.1/sec to −1.11/sec [10]. 

Regional myocardial function can be best measured 

using strain; however, with the advent of speckle 

tracking, a new parameter known as "global strain" 

has been proposed for assessing LV performance 

globally. Global longitudinal strain, which may be 

seen in an apical picture, represents the longitudinal 

deformation along the entire LV wall. An average 

GLS value is obtained by combining the data from 

the three apical perspectives; figure (2) [11]. 

Other measurements: Such as peak systolic strain, 

end-systolic strain, post-systolic strain (PSS), and 

peak strain, as illustrated in figure (3). Given that it 

directly affects derived metrics like post-systolic 

shortening, it is clear that the definition of end-

systolic of particular importance is important [7]. 

While 2D-STE is an effective and verified method, 

it relies on the presumption that speckles can be 

precisely tracked during the cardiac cycle and will 

always stay inside the boundaries of the 2D picture 

planes. The three-dimensional mobility of the heart 

chambers may make this assumption invalid in 

some situations. One of the three components of 

displacement vectors cannot be measured by 2D-

STE, which has a negative impact on the accuracy 

of the derived strain indices. Based on the concepts 

of acquiring 3D echo pictures with a wide angle 

matrix array transducer operating in the "full 

volume" mode, 3D-STE has recently been 

developed. Speckles moving through the image 

plane can be tracked using 3D-STE [13].  

Clinical Applications of Speckle Tracking 

Echocardiography Prognostic Implications: 

Lower GLS has been demonstrated to be a strong 

and reliable predictor of vascular events in the 

general population, including stroke and myocardial 

infarction, as well as the beginning of new atrial 

fibrillation. [14]. 

Myocardial disease: Different myocardial disorders, 

including as hypertension, myocarditis, ischemia, 

infarction, and CMP, cause increased collagen 

deposition that leads to fibrosis, or they may result 

in myocardial infiltration, such as amyloidosis or 

glycogen storage disease. The following are some 

of the different cardiac conditions that impact the 

myocardium and can be assessed using strain and 

twist mechanics; Coronary artery diseases (CADs), 

such as ischemic CMP and viability tests, acute and 

chronic ischemia, and acute infarction. 

Hypertension. Diabetic dilated pupil. Cardiac 

hypertrophic disease. CMP restrictions. CMP 

related to diabetes. Amyloidosis. Heart valve 

disorders. Dyssynchrony. HFpEF stands for heart 

failure with maintained EF [15]. 

Coronary Artery Disease: Assessing regional 

dysfunction in CAD patients is arguably the most 

useful clinical use of strain measures. The existence 

of ischemia can be determined by longitudinal 

strain. Furthermore, promising results regarding 

strain measurement's capacity to forecast ischemia 

extent and distinguish between transmural and non-

transmural scar were documented [11].  

Myocardial ischemia is thought to be identified by 

the presence of post systolic strain, which is defined 

as localized myocardial shortening following aortic 
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valve closure. Early research employing TDI-

derived data has shown the existence of PSS in 

regions with ischemia insult[16]. 

An ischemic event's prolonged PSS persistence was 

linked to a more severe coronary blockage. Though 

PSS is an extremely sensitive indicator of regional 

dysfunction, it is crucial to remember that it is never 

exclusive to any one pathology; rather, PSS must 

always be evaluated in the context of either 

pathology, clinical conditions, or both. Resting PSS 

may indicate myocardial scarring, ischemia, or 

other problems. Nonetheless, PSS that arises during 

stress echocardiography can increase the accuracy 

of CAD detection because it is most likely induced 

by ischemia; figure (4) [17]. Recently, the 

evaluation of regional cardiac deformation at a 

layer-specific level has been made easier by a 

unique use of multilayer speckle-tracking TTE. The 

endocardial, mid-wall, and epicardial layers that 

make up the LV wall are not always uniformly 

deformed. When cardiac perfusion is normal, the 

endocardial layer uses more oxygen than the 

epicardial layer, and when perfusion is impaired, it 

receives less collateral flow. Consequently, 

ischemia can affect the endocardial layer of the left 

ventricle more easily than the epicardial 

layer.Without the requirement for medication or 

exercise loading, multilayer speckle-tracking TTE 

can aid in the early diagnosis of ischemia 

myocardium since it produces quantitative strain 

measurements of the LV endocardial and epicardial 

layers. [18]. 

Acute MI:According to the extent of the infarcted 

region, longitudinal strain (LS) is markedly 

decreased in the infarcted segments; figure (5). 

Whereas the CS and RS are likewise compromised 

in transmural MI, only the LS are diminished in 

subendocardial infarcts, while the CS and RS are 

preserved. With a sensitivity of 70% and specificity 

of 71.2 %, it has been demonstrated that a 

segmental RS cutoff of 16.5% and CS <11.1% may 

distinguish between non-transmural and transmural 

infarction [19]. 

Longitudinal strain in patients with STEMI using 

speckle tracking echocardiography. Correlation 

with peak infarction mass and ejection fraction: The 

global peak systolic longitudinal strain was found to 

exhibit a strong negative association with the size of 

the infarct by MPI. In terms of GLS, the big 

myocardial infarction size (≥30% of LV mass) was 

defined as -11.5%, with a sensitivity of 93% and a 

specificity of 67% [21]. Speckle tracking analysis of 

echocardiographic predictors of left ventricular 

remodeling following acute ST elevation 

myocardial infarction. It was discovered that the 2D 

global longitudinal strain was an independent 

parameter for the unfavorable remodeling of the left 

ventricle. Patients with STEMI frequently have LV 

remodeling, which may indicate a poor prognosis 

for an acute myocardial infarction [22]. 

The prognostic significance of left ventricular 

global longitudinal strain differs for myocardial 

infarctions caused by diabetes and non-diabetes. 

After STEMI, diabetic individuals have equal 

infarct size and LVEF at baseline and follow-up, but 

they exhibit more impaired LV GLS at both 

baseline and follow-up 6 months [23]. This 

contrasts with a matched group of patients without 

diabetes. The prognostic significance of left 

ventricular global longitudinal strain varies 

depending on whether an anterior or non-anterior 

myocardial infarction occurs. According to a study, 

GLS significantly predicts the 2-year outcome in MI 

with anterior walls, however there is less of a 

correlation between GLS and mortality in MI 

without anterior walls. GLS was a more sensitive 

predictor of death in individuals with anterior MI 

than in those without anterior MI, according to a 

significant interaction between the infarction 

territory and GLS [24].   

Detection of ischemia: For patients to receive 

effective treatment, coronary artery disease (CAD) 

must be ruled out as soon as symptoms appear. In 

individuals at risk of developing CAD, left 

ventricular (LV) longitudinal strain, determined 

using 2D (STE), has become a noninvasive 
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diagnostic of both global and localized LV 

dysfunction. Since patients with severe CAD have 

>70% stenosis in the epicardial arteries or >50% 

stenosis in the left main in symptomatic patients, 

current evidence supports the use of GLS in the 

detection of moderate to severe obstructive CAD, 

which is defined as those with >50% stenosis in the 

coronary arteries. GLS may function as an early 

adjunctive marker of myocardial ischemia and 

supplement current diagnostic algorithms [25]. 

Prediction of ventricular arrhythmias after MI: 

Asynchronous LV deformation can be evaluated via 

strain imaging (e.g., by measuring the time to peak 

strain). A synchronization issue in CAD patients, 

known as mechanical dispersion and defined as the 

standard deviation of the time to peak regional 

shortening, could be used to identify patients at high 

risk of developing arrhythmias. Figure (6) shows an 

illustration of a greater mechanical dispersion 

resulting from ischemia in comparison to a normal 

myocardium. [11]. 

Hypertension: The comprehension of the variations 

in deformation patterns associated with concentric 

LV hypertrophy and concentric remodeling has 

been improved using speckle tracking 

echocardiography. For several years during the 

early stages, the LV-EF is retained. In patients with 

hypertensive heart involvement, the torsional 

mechanics of the CS, RS, and LV are intact, but the 

longitudinal stresses are compromised. Nonetheless, 

there is a decrease in the early diastolic untwisting 

velocity, which in certain investigations correlates 

with the extent of hypertrophy [26]. 

Hypertrophic cardiomyopathy: Myocardial 

disarray, which causes both diastolic and systolic 

dysfunction, is the pathognomonic hallmark of high 

cardiac mass. STE has demonstrated LS reduction 

with comparatively intact CS. Numerous 

investigations have shown that the apical variation 

loses the typical apical to base gradient and has 

lower apical strain values compared to strain values 

in the basal segments [27]. 

Diabetes mellitus: Strain echocardiography allows 

for the early diagnosis of myocardial dysfunction in 

patients with long-standing diabetes who are 

asymptomatic from a cardiac standpoint, as seen by 

impairment of LS. [28]. 

Dilated Cardiomyopathy: It has been demonstrated 

that impairment of all three directional strains (LS, 

CS, and RS) is linked to dilated cardiomyopathy. 

Significant reductions in the apex and base of the 

rotational mechanics also result in a decrease in the 

untwisting velocity and apical twist. Comparatively 

asymptomatic patients have been found to have 

higher strain and SR levels than those with 

noticeable symptoms. Some patients may exhibit a 

reversal of the typical pattern, rotating clockwise at 

the LV apex and counterclockwise at the LV base. 

[29]. 

Heart Failure and Dyssynchrony: Heart failure 

syndromes are distinguished by a range of clinical 

entities and varying presentations depending on the 

temporal course. Understanding the mechanics of 

HF has been greatly aided by speckle tracking strain 

echocardiography. The characteristic feature of 

HFpEF is decreased LS with intact apical rotational 

mechanics; however, the patterns of CS and RS may 

vary. However, LV torsion and peak untwisting rate 

are similarly decreased when HF condition 

advances from diastolic to systolic dysfunction [30]. 

Restrictive cardiomyopathy and Pericardial 

Diseases The role of the pericardium in facilitating 

LV TWISTS deformation: While the LS, CS, and 

RS are intact, there is a noticeable deficit in LV 

torsion in cases of congenital lack of the 

pericardium. The apical twist, CS, and RS are 

significantly reduced in constrictive pericarditis, 

although the LS is largely retained [31]. Conversely, 

LS is significantly attenuated in restrictive CMP, 

such as cardiac amyloidosis, although CS, RS, and 

LV torsion are largely unaltered until late stages and 

contribute to maintaining the LV-EF. However, CS, 

RS, and torsional mechanics become involved as 

the illness process continues to advance [32].  
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Valvular Heart Disease: The LV dilates 

appropriately in response to the rise in the volume 

load caused by mitral and aortic regurgitation. The 

preservation of LV-EF indicates that this 

contributes to the maintenance of the LV systolic 

function. This can be a cover for a subclinical 

malfunction. However, the left ventricle (LV) 

exhibits wall enlargement in response to an increase 

in the pressure load caused by aortic stenosis. The 

LV-EF is maintained, and wall stress can be 

reduced thanks to the LV muscle's enhanced 

thickness. When subclinical left ventricular 

dysfunction is identified in valvular heart disease, 

adequate early intervention can be implemented 

[33].  

Patients with aortic stenosis (AS) showed a very 

large reduction in peak longitudinal systolic strain 

when compared to the control group. Therefore, 

even when the EF% is retained, patients with severe 

AS exhibit subclinical LV systolic dysfunction. In 

individuals with AS, 2D speckle tracking seems to 

be helpful in identifying subclinical LV failure [34]. 

Congenital Heart Disease: When treating several 

congenital cardiac conditions that call for 

biventricular repair, an objective and quantitative 

assessment of RV mechanics is crucial. This 

involves transposition of great vessels, particularly 

following atrial switch surgery, pulmonary atresia 

with intact IVS, and cTGA. In congenital cardiac 

lesions requiring single ventricular repair (Fontan's 

Repair), objective assessment of the dominant 

ventricle function is very crucial, particularly in the 

cases of single ventricle, tricuspid atresia, complex 

double outlet RV (DORV), and AV canal 

anomalies. [35]. 

 

CONCLUSION: 

Echocardiography is a major advancement in the 

assessment of CAD in both acute and chronic 

conditions, going beyond ECG and biomarkers. The 

inclusion of LVGLS in the clinical diagnostic 

workup of these patients is supported by a wealth of 

evidence and clear advantages overweighing the 

intrinsic limitations of STE technique, suggesting 

that STE could provide an additive value over 

visual wall motion assessment for both diagnostic 

and prognostic assessment (Figure 2). To validate 

the possible significance of the strain in other 

chambers, more research is necessary. It is quite 

probable that future experts will reach a consensus 

to determine reference values for LV strain 

parameters in CAD, leading to a final 

standardization of their use. 
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