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Abstract

Recent advances in quantitative ultrasound technology have made speckle-tracking
echocardiography an effective method for measuring myocardial function by analyzing the
motion of speckles seen on standard 2-dimensional sonograms. It offers objective, non-
Doppler quantification of left ventricular systolic and diastolic dynamics as well as myocardial
deformation. After a sufficient amount of image acquisition, strain and the strain rate can be
quickly determined offline by tracking the displacement of the speckles throughout the
cardiac cycle. Speckle-tracking echocardiography has been shown to be feasible, accurate,
and useful in a variety of clinical settings. The foundation of speckle-tracking
echocardiography is the analysis of the spatial dislocation, or "tracking," of speckles, which
are spots produced by the interaction of the ultrasound beam and myocardial fibres on
standard 2-dimensional sonograms. Speckle-tracking echocardiography enables semi-
automated elaboration of myocardial deformation in three spatial directions: longitudinal,
radial, and circumferential by monitoring the displacement of speckles throughout the
cardiac cycle. Additionally, left ventricle (LV) rotation's frequency, direction, and velocity can
be assessed using speckle-tracking echocardiography
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Introduction:

Recent advances in quantitative ultrasound technology have made speckle-tracking
echocardiography an effective method for measuring myocardial function by analyzing the motion
of speckles seen on standard 2-dimensional sonograms. It offers objective, non-Doppler

quantification of left ventricular systolic and diastolic dynamics as well as myocardial deformation.

(1)
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After a sufficient amount of image acquisition, strain and the strain rate can be quickly determined
offline by tracking the displacement of the speckles throughout the cardiac cycle. Speckle-tracking

echocardiography has been shown to be feasible, accurate, and useful in a variety of clinical settings.

)

The foundation of speckle-tracking echocardiography is the analysis of the spatial dislocation, or
"tracking," of speckles, which are spots produced by the interaction of the ultrasound beam and
myocardial fibres on standard 2-dimensional sonograms. Speckle-tracking echocardiography
enables semi-automated elaboration of myocardial deformation in three spatial directions:
longitudinal, radial, and circumferential by monitoring the displacement of speckles throughout
the cardiac cycle. Additionally, left ventricle (LV) rotation's frequency, direction, and velocity can

be assessed using speckle-tracking echocardiography. (3)

Although this novel approach was initially developed for the sole purpose of analysing LV function,

recent research has shown that it can also be applied to other cardiac chambers, such as the left

atrium (LA). (4)

The name "speckle tracking” implies that the main foundation of this method is the analysis of
speckles that occur during the cardiac cycle. Due to the unique arrangement of the speckles, single
speckles merge into functional units (kernels) that can be uniquely identified. Each kernel, then,
represents a kind of ultrasound fingerprint that can be tracked by software throughout the entire
cardiac cycle. The system can calculate the displacement, the rate of displacement (velocity), the
deformation (strain), and the rate of deformation (strain rate) of the chosen myocardial segments

as well as the rotation of the left ventricle (LV) without the use of the Doppler signal. (1) [

Terminology and Definitions :

° Strain :

The term "strain” refers to a measurement that assesses the degree of segmental deformation in
relation to the segment's original dimensions. A percentage is used to represent it. According to
custom, a lengthening or thickening deformation is assigned a positive value, whereas a shortening

or thinning deformation is assigned a negative value, depending on the direction. (5)
° Strain Rate:

The rate of myocardial deformation is represented by the strain rate. Units are expressed in terms
of number/second, so the strain rate value will double if the same strain value is attained in half
the time. According to experimental research, strain is more sensitive to changes in LV load than
strain rate. However, the majority of clinical studies continue to use strain measurement because

the strain rate signal is noisier and less dependable. (6)
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° Longitudinal Strain:

Global peak systolic longitudinal strain (GLS), which measures LV function with high reliability
and accuracy, is the ratio of the maximum change in myocardial longitudinal length in systole to
the initial length. The term "longitudinal strain" refers to deformation of the myocardium that
occurs from the base to the apex. The distance between individual kernels decreases as a result of
the contraction of ventricular myocardial fibres during systole, which is depicted by negative trend

curves. The LV function is better the more negative the value of GLS. (7)

Both regional strain values (relative to each of the 17 LV segments) and global strain values (global
longitudinal strain) can be obtained through longitudinal strain analyses in 4-chamber, 2-chamber,
and 3-chamber views. The average of the strain measurements across all 16 or 17 myocardial
segments is known as the global strain. Roughly -18% is the average regional peak systolic strain

in the longitudinal direction. (8)

Recently, global longitudinal strain has been proven to be a quantitative indicator of overall LV
function. A same measurement can be used to determine the peak atrial longitudinal strain and
the RV longitudinal strain in the speckle-tracking echocardiographic analysis of longitudinal

myocardial deformation of the LA and right ventricle (RV), respectively. (9)

° Radial Strain:

The motion of the LV thickening and thinning during the cardiac cycle is represented by radial
strain, which is myocardial deformation that is directed radially, or toward the centre of the LV
cavity. As a result, given the progressive radial propulsion of individual kernels during systole, radial
strain values are represented by positive curves. Speckle-tracking echocardiographic analysis of the

basal and apical LV short-axis views yields radial strain values. (10)

° Circumferential Strain:

On a short-axis view, circumferential strain is a representation of the shortening of LV myocardial
fibres around the circumference of the circle. Therefore, for circumferential speckle-to-speckle
distance reduction during systole, circumferential strain measurements are represented by negative

curves. As for longitudinal strain, a global circumferential strain value can be obtained. (10)
° Twisting and Torsion :

Speckle-tracking echocardiography has recently emerged as a new and promising tool for LV
twisting analysis, replacing the previously required use of MRI for LV twisting evaluation. A crucial
aspect of cardiac biomechanics is the left ventricular twisting, which is a part of the typical LV

systolic contraction and results from the reciprocal rotation of the LV apex and base during systole.

(11)
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Analysis of the reciprocal rotation of the LV apex and base during systole enables the quantification
of LV twisting by speckle-tracking echocardiography, which is intrinsic to its physiologic
characteristics. The net difference in mean rotation between the apical and basal levels is then used
to calculate left ventricular twisting. Left ventricular torsion is defined as LV twisting normalised

with the base-to-apex distance. (12)
. Untwisting

The function of untwisting in diastolic LV filling mechanics has also received more attention
recently. Because it appears to be less load-dependent than other diastolic parameters, untwisting
velocity is relevant for studying diastole and, in particular, isovolumic relaxation. Untwisting

velocity is also thought to be a critical initial manifestation of active relaxation. (13)

Image Acquisition :

Using conventional 2-dimensional grey scale echocardiography while holding breath while
maintaining a stable electrocardiogram trace, you can obtain and record images for speckle-
tracking echocardiographic analysis, which is currently done offline. The analysed myocardial
structure must not be foreshortened in any view, and this will allow for a more accurate delineation
of the endocardial border. Care must be taken to obtain true apical and short-axis images using

established anatomic landmarks in each view. (3)

The range of 60 to 110 frames per second is considered to be the ideal frame rate for the acquisition
of 2-dimensional images. These settings are advised to improve the viability of the frame-to-frame

tracking technique and combine high temporal resolution with reasonably good spatial definition.

(14)

For longitudinal strain and peak atrial longitudinal strain analyses, acquisitions from the apical 4,
3, and 2 chambers are required. With a standard parasternal probe position for the basal plane and
a more distal anterior or anterolateral position for the apical plane, short-axis recordings can be
obtained that are helpful for radial strain, circumferential strain, and rotation analysis. For the
purpose of standardising acquisitions, the apical plane is defined as being distal to the papillary

muscles, while the basal plane is defined as the plane containing the tips of the mitral leaflets. (15)

An offline semi-automated analysis of strain based on speckles is possible due to the processing of
recordings using specific acoustic tracking software. A region of interest is created by manually
tracing the endocardial surface in apical and/or short axis views of the myocardial segment being
studied. The system then automatically generates the tracing of the epicardial surface. After the
region of interest has been optimised, the software generates strain curves for each chosen
myocardial segment. With the help of these curves, the operator can calculate local and global peak

values by averaging values observed across all segments. If all three of the apical views are used for
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the longitudinal strain analysis, the software automatically creates a topographic representation of

all 17 segments that were examined (bull's eye). (3)

Clinical applications:

The primary function of STE is to provide a quantitative, objective assessment of LV systolic
function that is capable of accurately identifying minute changes in myocardial function. GLS
seems to be the parameter that best fits this need among all the other myocardial deformation
parameters. Compared to any other deformation parameters, it has higher reproducibility and is

significantly more sensitive to the early myocardial damage. (1)

In contrast to the mid-myocardial and subepicardial fibres, which are responsible for the majority
of the circumferential and radial strain and rotation, subendocardial fibres are primarily responsible
for the longitudinal strain. Longitudinal strain is typically the first to become compromised because
the subendocardial layers are typically the first to be affected by the majority of cardiac pathologies.
In order to make up for the loss of the longitudinal function, the radial and circumferential strain

is preserved, or in the early stages, may even be accentuated. (5)

The radial and circumferential strain also gradually deteriorate as the disease extends and becomes
more transmural. As a result, radial and circumferential strain impairment is a relatively late
phenomenon and frequently indicates more severe myocardial damage. However, circumferential
strain and rotation may become compromised before longitudinal strain in some pathological

conditions that affect the heart from the outside, such as constrictive pericarditis. (16)
A brief overview of the potential clinical uses of STE is given in the section below:
A -Detection of subclinical myocardial dysfunction:

As was previously mentioned, when enough myocardial damage has already been done, a decline
in LVEF indicates that myocardial dysfunction is developing at a relatively late stage. One of the
most promising indications for STE appears to be the early, subclinical detection of myocardial

dysfunction, which may have significant diagnostic and therapeutic implications. (17)

For instance, patients receiving cancer chemotherapy may need to stop their treatment plan if their
GLS is impaired despite their LVEF being preserved. also, The timing of the surgical intervention
in patients with severe aortic stenosis or mitral regurgitation may also be aided by the presence of

early myocardial damage in these patients. (18)

GLS dysfunction is also useful in identifying the involvement of the heart in a number of diseases
and conditions, including diabetes, obesity, obstructive sleep apnea, amyloidosis, Fabry's disease,
etc. It may also be useful in distinguishing hypertrophic cardiomyopathy from hypertensive heart

disease or athletes' heart. (19)
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B —Diabetes:

It has been demonstrated that speckle-tracking echocardiography has the potential to identify
subclinical LV systolic dysfunction in asymptomatic diabetic patients with preserved LVEF, which
is unmasked by the change in longitudinal strain. According to this perspective, speckle-tracking
echocardiography could offer useful information about the occurrence of subclinical myocardial

dysfunction in the context of diabetes before diabetic cardiomyopathy became overtly apparent.
(20)

C - Monitoring response to treatment:

When evaluating the effectiveness of treatments aimed at enhancing LV contractile function, such
as myocardial revascularization, stem cell therapy, medications, etc., GLS can be used as an

objective, quantitative parameter. (5)
D - Role in acute coronary event:

GLS has been demonstrated to be a predictor of the final infarct size, patency of the infarct related
artery, outcome after revascularization, and the extent of long-term LV remodelling in patients

who present with acute coronary events. (21)
E - As a measure of myocardial ischemia and viability:

. The longitudinal strain increases the precision of the evaluation of myocardial ischemia
and viability when combined with dobutamine echocardiography. However, due to issues with
image quality, the longitudinal strain's predictive accuracy for this purpose is best for the anterior
circulation (i.e., the territory of the left anterior descending artery) and less so for the posterior

circulation. (22)

. It has been demonstrated that the resting longitudinal strain itself can predict myocardial
viability. Additionally, a decrease in circumferential strain reflects a greater transmural extent of

the infarct, which indicates a lack of myocardial viability. (23)
F - Role in cardiac resynchronization therapy:

* It has been demonstrated that radial strain measured by STE is a reliable predictor of the
responsiveness to cardiac resynchronization therapy and a robust marker of intraventricular

mechanical dyssynchrony.

* In order to place the LV lead, time to peak radial strain can also be used to determine the

location of the most recent activation. (24)
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G - Assessment of LV diastolic function:

Measures of LV diastolic function have included peak untwist velocity, early diastolic strain rate

and time to peak untwist velocity with variable results. (25)
H -Assessment of RV function:

Like the LV, the RV free wall can also be used to measure longitudinal strain, which has been
shown to be a reliable indicator of RV systolic function in a number of clinical conditions like

pulmonary hypertension, RV cardiomyopathies, congenital heart diseases, etc. (26)
I -LA function:

Since STE is an angle-independent technique, LA strain can also be measured and used for the

same diagnostic applications as LA volume. (27)
Other uses:

Early restriction of circumferential strain, as was previously discussed, may aid in distinguishing

between constrictive pericarditis and restrictive cardiomyopathy. (28)
Limitations :

All measurements derived from speckle-tracking demand a higher level of image acquisition skill,
and the accurate delineation of the endocardial border depends on the availability of sufficient
echocardiographic views. Furthermore, strain measurements cannot even be performed on patients
with non-sinus rhythms due to the close relationship between single-cardiac-cycle myocardial
deformation analysis and speckle-tracking echocardiography. Another drawback of the technique

is that results are highly dependent on the equipment used for the analyses. (15)

Speckle Tracking Echocardiography & Vavular Heart Disease

° Assessing Cardiac Function in Valve Disease

Ejection fraction versus strain

In order to intervene in asymptomatic patients with severe valvular dysfunction before irreversible
LV damage occurs, LVEF is incorporated into the current guideline-recommended treatment
strategies for valve diseases. Therefore, surgery is advised for asymptomatic patients with severe
mitral regurgitation and early indications of LV systolic dysfunction (LVEF 60% and/or LV end-
systolic diameter 45 mm). Patients with severe aortic regurgitation or aortic stenosis are advised to

seek treatment when their LVEF is less than 50%. (29)

Systolic dysfunction in valvular heart disease, however, is difficult to assess. LVEF does not take
into account the intricate nature of myocardial mechanics; it only represents a relative volume

change from end-diastole to end-systole. When reflecting systolic function under altered loading
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(pressure and volume) conditions, which are inherently present in patients with valve diseases, this
volume-based parameter has an important limitation. Since regurgitant valvular lesions frequently

have LVEF in the "supernormal" range, it is a poor indicator of systolic myocardial function. (30)

LVEF overestimates cardiac function in mitral regurgitation because it accounts for both the
volume of the aortic forward stroke and the volume of regurgitant fluid pumped into the low-
pressure left atrium. As a result, LVEF can persist in the normal range for a long time and may

conceal early, subtle contractility reductions. (31)

Stenotic lesions exhibit concentric remodelling with increased wall thickness and decreased cavity
diameter; as a result, EF can be maintained despite lessened myofiber shortening. Because of this,
LVEF can only identify LV systolic dysfunction at a relatively late stage of the disease when a

pertinent myocardial contractile dysfunction has already appeared. (32)

However, myocardial deformation imaging may be superior at accurately detecting subtle
dysfunction. (33) The part of LV mechanics that is most susceptible is longitudinal LV strain.
Impaired longitudinal deformation is frequently compensated in the early stages of the disease by
increased circumferential function, keeping the LVEF within normal limits. (32) It has been
established that the contribution of circumferential strain to LV is greater than twice that of
longitudinal strain. Therefore, one of the most promising applications of strain imaging is the early

detection of cardiac dysfunction in valve disease. (34)

° Recent Clinical Applications

Recent research suggested that strain echocardiography could be helpful in determining the timing
of interventions and enhancing the assessment of myocardial function in valve diseases. However,
the majority of studies concentrated on mitral and aortic valve disease, and there is little

information on right-sided valve diseases. (35)

. Aortic stenosis

In patients with aortic stenosis, GLS progressively impaired with increasing disease severity (from
-18.242.1% in mild stenosis to -13.3+3.7% in severe stenosis). (36) Independent of stenosis
severity, EF, or other established predictors, longitudinal strain has been demonstrated to be a

potent predictor of all-cause mortality. (37)

Additionally, in all therapeutic strategies for either surgical or transcatheter aortic valve
replacement, high-gradient or low-flow, low-gradient, preoperative GLS was linked to long-term

postoperative cardiac mortality and morbidity in patients with symptomatic severe aortic stenosis.

(38)

A GLS worse than -18.2% has been demonstrated to be associated with disease progression, as

evidenced by the onset of symptoms and the requirement for valve intervention, in patients with
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asymptomatic severe aortic stenosis and normal EF. (34) Similar studies have demonstrated that
excellent 5-year event-free survival is associated with a GLS better than -17%. (39) In a recent
meta-analysis involving 1067 patients, a GLS worse than -14.7% was associated with a >2.5-fold

higher risk of death and predicted mortality with 60% sensitivity and 70% specificity. (40)

According to recent studies, STE may help to identify asymptomatic patients with severe aortic
stenosis who would benefit from earlier intervention than suggested by the most recent
ESC/EACTS guidelines. (29) It's interesting to note that the Heart Valve Clinic International
Database (HAVEC) team suggested incorporating GLS into therapeutic decision-making. (41)
Patients with asymptomatic severe aortic stenosis and GLS worse than -16.0% may therefore be
given interventional consideration if they also have other high-risk factors, such as high calcium
scores on cardiac computer tomography and myocardial fibrosis detected by MRI. Dahl et al.

recently proposed a similar algorithm. (42)

by -|’,'|'- Strain Poak §iywlic Stram

Figure (1): Measurement of left ventricular global longitudinal strain (GLS) in two asymptomatic
patients with severe AS, a similar degree of concentric LVH, and LVEF greater than 60%. The
first patient has reduced longitudinal deformation in the basal LV segments, but with a GLS value
within the normal range (-20%). The second patient had impaired GLS (-15%) and significantly

lower longitudinal deformation values in the basal segments. (43)

- Aortic regurgitation

Patients with moderate-to-severe and severe aortic regurgitation who are symptomatic have more
impaired GLS than those who are completely asymptomatic (-14.9+3.0% vs. -16.812.5%). (44)
As GLS worsens beyond -19% in asymptomatic patients, the risk of death rises steadily. In the
same study, in asymptomatic patients with moderately severe or severe aortic regurgitation and
preserved EF, GLS significantly improved the reclassification of mortality risk and was

independently associated with the need for aortic valve surgery. (45)
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Reduced long-term survival following surgical procedure was associated with preoperative GLS

worse than -19% in patients having aortic valve surgery. (46)
. Mitral regurgitation

Preoperative GLS is an independent predictor of cardiovascular events and death in patients with
severe primary mitral regurgitation undergoing interventions, and it appears to have incremental

predictive value over traditional clinical and echocardiographic risk factors. (47)

One of the largest studies found that mitral valve surgery was beneficial for outcomes (all-cause
mortality), especially in patients with GLS worse than -21% in those with asymptomatic severe
mitral regurgitation.(48) Additionally, in patients undergoing mitral valve surgery, pre-operative
GLS worse than -18.1% predicted post-procedural LV dysfunction. (49)

It is noteworthy that the GLS reported in these studies was higher than the cutoff value of normal,
indicating that strain values that would otherwise be considered normal are already linked to a

worse outcome in patients with primary mitral regurgitation. (35)

There aren't many comprehensive studies examining the clinical value of strain in secondary mitral
regurgitation. Recent research found that GLS worse than -7.0% was linked to an increased risk
for all-cause mortality, but LVEF was not. This research involved 650 patients with moderate to
severe secondary mitral regurgitation. The specific high-risk patient population that was studied
may help to explain why GLS found in this study was lower than that of patients with primary
regurgitation. The majority of the study participants were people with advanced heart failure, with

a mean EF of 29+10%, and ischemic cardiomyopathy adversely impacted half of them. (50)

= Mitral stenosis and right-sided valve diseases

Studies examining the clinical use of strain echocardiography in mitral stenosis or right-sided valve
diseases are few and small. Patients with severe mitral stenosis have lower LV deformation, which
is related to the severity of the disease. Within 72 hours of the balloon mitral valvuloplasty, an

improvement in strain values was noted. (51)

Patients with significant tricuspid regurgitation showed the potential prognostic value of right
ventricular (RV) longitudinal strain. Poorer than -23% RV free wall longitudinal strain was linked
to a worse outcome and had prognostic significance beyond the usual RV systolic function

echocardiographic parameters. (52)

Preinterventional RV longitudinal strain in patients with pulmonary valve disease undergoing
percutaneous pulmonary valve implantation can predict improvement in exercise function after

intervention. (53)

Future Perspectives There is no question about the future signiﬁcance of strain imaging in valvular

heart diseases due to mounting evidence. Longitudinal strain has been successfully demonstrated
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to have independent and additive prognostic value to conventional echocardiographic and clinical

parameters. Before it is widely used in clinical practice, there are a few unresolved issues that need

to be discussed. (35)

First, incorporating strain measurement into clinical guidelines and decision-making algorithms
may be hindered by the variability of proposed GLS cutoffs in predicting clinical outcome. Cutoff
values differ significantly between various valvular heart diseases, which may be due to the unique
pathology and disease-related changes in chamber geometry and loading. As a result, disease-
specific cutoffs must be identified. As a general rule, a strain value that is worse than average is
linked to a worse outcome. A portion of the variability may also be attributed to technical factors,
such as strain definitions and intervendor variability. Additionally, the definitions of clinical

endpoints and follow-up times vary across studies. (35)

In addition, recent research has demonstrated the value of strain echocardiography for risk
stratification of asymptomatic patients with severe valve disease, raising the possibility that GLS
could be a crucial supplementary parameter for patient management decisions aimed at earlier
interventions. These findings, however, come from past or present observational cohort studies.
So, in order to assess the effectiveness of GLS and early interventions in asymptomatic patients
with valve diseases, large randomised trials are required. Finally, a load-independent marker of

systolic function is still required because strain measurements are load dependent. (35)
Conclusion

Strain echocardiography has proven to be a valuable complementary echocardiographic technique
for valvular heart disease that can identify patients at risk of developing symptoms or having a poor
prognosis and may help with therapeutic decision-making. To interpret myocardial deformation
correctly and make the right decisions for patients with valve disease, you must have a thorough
understanding of the intricate relationship between loading conditions, chamber geometry, and

contractility. (35)
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