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Abstract. – OBJECTIVE: We aimed to con-
duct a review of the literature relevant to cardi-
ac imaging techniques and summarize the use 
of different non-invasive imaging modalities in 
the assessment of ventricular size, function, 
and mechanics. The current review emphasizes 
the benefits of speckle tracking imaging (STI), 
highlighting its use in demonstrating myocardi-
al strain. This robust technique is a recent addi-
tion to the existing imaging techniques that are 
used to assess the myocardium. In terms of ef-
fectively determining the left ventricle ejection 
fraction, it is a comparable technique to cardi-
ac magnetic resonance. The use of STI method 
for image acquisition relies on semiautomat-
ic identification of the border and deformation 
of the region of interest, and is also indepen-
dent of the angle of insonation, thus it increas-
es the inter-and intra-observer reproducibili-
ty in contrast to the conventional tissue dop-
pler imaging. 

MATERIALS AND METHODS: The databases 
of PubMed, Scopus, and Embase were thorough-
ly searched for the following keywords: 2- di-
mensional/ two-dimensional/ 2-D, speckle/strain 
tracking, systolic dysfunction, and heart failure. 
The studies selected described image acquisi-
tion techniques and the application of this imag-
ing modality in various clinical settings. The se-
lected journal articles were perused to provide 
the best possible analysis of STI.

RESULTS: Our comparative analysis demon-
strated that the STI, when compared with the 
conventional echocardiography, is a more sen-
sitive image acquiring technique for detecting 
subclinical myocardial dysfunction. Based on 

the analysis it can be stated that the STI can 
provide valuable information on both regional 
and global myocardial function, and it can al-
so quantify cardiac synchronicity and rotation. 
Additionally, it serves as a better prognostic in-
dicator.

CONCLUSIONS: The change in longitudinal 
strain can serve as an early marker of the 
left ventricular systolic dysfunction, and there-
fore, monitoring via STI has both diagnostic 
and prognostic value in heart failure, ischemic 
heart disease, valvulopathies, chemotherapy-in-
duced cardiotoxicity, and cardiac resynchroni-
zation therapy. Despite the lack of standardiza-
tion, the method is also effective in assessing 
the right ventricle and left atrial function and ar-
terial rigidity. 

Key Words:
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Introduction

Introduction in Strain Ultrasound 
Imaging – Basic Terminology 
and Principles 

One of the parameters assessed during echo-
cardiography is left ventricular ejection fraction 
(LVEF). Ample studies have demonstrated the 
usefulness of this parameter in assessing the 
systolic function of the left ventricle. Despite the 
universal use of this parameter, it lacks sensi-
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tivity in detecting early deterioration of systolic 
function and provides only a global assessment of 
the contractile function of the myocardium, thus 
not reflecting the subclinical changes in the com-
plex geometry of the heart’s cavities1. Moreover, 
the evaluation of the parameter is susceptible to 
inter-observer variation, making it less reliable 
despite advances in imaging techniques. 

All these limitations seem to have been over-
come in recent years, with the advances in strain 
ultrasound imaging- or speckle tracking-imaging 
(STI). This is a non-doppler imaging technique 
which is not reliant on the angle of insona-
tion. Based on the alteration in length or strain 
of a particular myocardial segment, it analyses 
“speckle patterns” of the myocardium to deter-
mine any deformation2,3.

Principals of Strain Ultrasound
Strain is defined as the percentage change in 

length of a certain segment of myocardium, when 
compared to its initial length (L0).

Strain (ε) = ΔL/L0, where ΔL is the change 
in length (L-L0), representing either shortening 
(negative strain) or lengthening (positive strain). 

Natural strain, or ε’, is an instantaneous change 
in length, independent of time interval, and can 
be best applied to radial, circumferential or longi-
tudinal deformation, and can be calculated using 
the following formula:
	 L

Natural strain (ε’) = ln ( ––––– ) (12).
	 L0

Shear strain represents the addition of angle of 
deformation to the equation, whereas strain rate 
can be defined as a temporal derivative, measured 
in units/s, as represented bellow:

	 dε
Strain rate ε’ = ( ––––– ) (12).

	 L0

The myocardium, as asserted by Torrent-Guasp4 
through their helical model, is primarily charac-
terized by having 3 separate layers: an inner layer 
with longitudinal fibers (sub-endocardial layer), a 
middle layer with circumferential fibers, an outer 
layer with oblique fibers (sub-epicardial layer). 
Thus, the complex motion of the left ventricle 
during systole has 3 main components: an inward 
motion, a longitudinal one, and a twisting motion 
between base and apex (ventricular torsion).

As such, there are several types of myocardial 
strain, representing normal deformation (longi-

tudinal, radial and circumferential), and shear 
deformation (base to apex twist, circumferential 
shear, as well as epicardial to endocardial lon-
gitudinal shear). Of all these components, the 
longitudinal strain, that is the result of the motion 
of subendocardial fibres, is the first to be affect-
ed when the myocardium is damaged in various 
pathological conditions (mentioned below), as 
opposed to the circumferential and radial strain 
that represent the change in subepicardial and 
midmyocardial fibres1,5,6. 

The longitudinal strain can be easily accessed 
through both TDI (Tissue Doppler Imaging), as 
well as STI. However, TDI is greatly dependent 
on insonation angle; tissue velocity is converted 
to strain rate, and then, to strain data, thus relying 
on user experience. Therefore, a broader clinical 
application of STI is necessary.

Each segment of the myocardium, when ex-
posed to ultrasound, shows a particular pattern 
of acoustic reflection scatter, represented by pat-
terns of specific grey scale values, or “speck-
les”, which are monitored semi-automatically. 
Throughout the cardiac cycle, all in-plane veloc-
ity vectors determine the particular deformation 
of myocardium. 

Several types of computational algorithms 
are used to automatically track the acoustic 
markers, such as monitoring the grey value 
conservation, block matching, following a spe-
cific speckle pattern, or kernel, and compare 
the similarities frame by frame to establish the 
deformation of a particular segment. High reso-
lution images can be obtained by enhancing the 
radio frequency, however, higher frequencies 
require more regularization, such as, correct-
ing vector velocity estimates. All velocity and 
movement characteristics of the speckles are 
independent of the transducer angle, and thus, 
corroborate with the semi-automated compu-
tational algorithms, providing better sensitivity 
and specificity3,7.

Image Acquisition
For the left ventricle, the region of interest 

(ROI) is established at the end of the diastole by 
three lines, namely an endocardial border (out-
lined manually by the user), myocardial midline, 
and an epicardial border, the latter two being 
detected either automatically or by the user. In 
order to analyze the longitudinal strain of ROI 
of the left ventricle in 2D STI, apical 4 chamber, 
3 chamber and 2 chamber images of the best 
quality must be acquired at an optimal frame 
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rate of 60-110 fps, and a correct estimation of 
the endocardial border must be made, keeping 
the values of the width and depth to a minimal. 
For global circumferential and radial strain, the 
investigator must acquire parasternal short-axis 
images (apex, papillary muscle, base). Aortic, as 
well as mitral velocities (Doppler), are recorded 
for valve opening/closure timing. Cardiac cycles 
(usually 3) are recorded and analyzed offline 
for the software to semi-automatically assess 
the strain and strain rate; a 16 to 18 segment 
representation of the left ventricle is being used 
to illustrate deformation; the result is usually 
displayed as a polar map (analogous to the one 
used in SPECT), or curved anatomic monoplane 
mode (CAMM, for a particular ROI), as shown 
in Figure 18.

Both strain and strain rate are sensitive, 
robust and reproductible markers that can be 
used to evaluate both systolic and diastolic 

function of both ventricles, as well as the left 
atrium9,10,. 

Current Drawbacks of Strain Imaging
Though a robust indicator of both systolic and 

diastolic function, STI has certain drawbacks, 
such as, issues with acquisition of quality image, 
including frame rate (a high cardiac frequency is 
associated with a lower frame rate and hence low 
possibility of tracking) and out of plane movement 
of the kernel, a slight degree of variation in inter- 
and intra-observer reproducibility (albeit lesser 
than that of TDI), as well as incorrect tracking of 
epicardial border due to software algorithms7. 

Non-standardized definitions, and functional and 
image acquisition parameters are issues related to 
the assessment of the right ventricle and atria, 
however, efforts are being made to obtain higher in-
ter-vendor similitude and dependability for perfect-
ing right ventricle and atrial STE for clinical use11.

Figure 1. 2D STI of left ventricular longitudinal strain- apical two, three and four chamber views (A), and polar map 
representation of strain values (B) (Bull’s eye).
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Application in Particular Clinical Settings
Advances in 2D strain imaging have led to 

higher accuracy of measurements11 and standard-
ization of global longitudinal strain (GLS), fa-
cilitating its clinical application in conditions 
analyzed in the following paragraphs.

Heart Failure
STI plays an important role in correctly assess-

ing the systolic function of the left ventricle, GLS 
being more sensitive tool than the regular 2D left 
ventricle ejection fraction (LVEF) measurements, 
and MRI based LVEF12,13. 

Recent studies9,15-18 have highlighted the role 
of GLS in not only detecting the subclinical LV 
systolic dysfunction, but also the heart failure 
with preserved ejection fraction (HFpEF) caused 
by hypertension and or ischemic cardiomyop-
athy, proving its potential as a diagnostic and 
prognostic tool. Altered GLS is an independent 
predictor of all-cause and HF related mortality 
in hospitalized HF patients18. Studies20-23 have 

showed a powerful correlation between arrhyth-
mic events (ventricular tachycardia) and patients 
with LV systolic dysfunction and altered basal 
GLS. Moreover, a decrease in segmental longi-
tudinal strain (SLS) has also been identified in 
patients with diabetic myocardial dysfunction24,25. 

Strain and strain rate can also be utilized to 
assess right ventricle function, as well as left 
atrial deformation in patients with heart failure. 
The images are acquired in a similar way than LV 
STI, as can be seen in Figure 210,26.

Ischemic Heart Disease
Transmural infarction is usually associated 

with a decrease in both longitudinal and circum-
ferential strain components, whereas subendo-
cardial infarction is associated only with a de-
crease in longitudinal strain27,28. Subendocardial 
longitudinal fibers are the ones most sensitive 
to ischemia, and thus, they are affected in early 
stages of ischemic heart diseases. The propor-
tional decrease in the systolic strain rate and the 

Figure 2. 2D STI of left atrium.
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peak systolic strain, as measured by STI, reflects 
the severity of the ischemia in the ROI29,30. This 
attribute has a prognostic value, both before 
and after revascularization (decreased LS was 
associated with adverse remodeling-as shown in 
Figure 3)27,31-34. 

Also, one study30 has indicated that the amount 
of post systolic deformation (PSD; contraction of 
the myocardium after aortic valve closure) also 
decreases proportionally to the degree of acute 
ischemia of a given ROI during dobutamine 
stress cardiac ultrasound. 

 
Valvular Disease

Mitral regurgitation, and the subsequent vol-
ume overload can be better assessed using STI, 
alongside conventional ultrasound parameters, 
especially in asymptomatic patients and those 
needing mitral valve surgery. Dilatative deforma-
tion due to volume overload is associated with a 
comparatively larger stroke output (i.e., a normal 
LVEF) even with the declining contractile force, 
however, even the subtle decrease in the longi-
tudinal strain and the strain rate is still detected 
by STI29. A recent review article indicated that a 
decreased GLS associated with a normal LVEF is 

a predictor of LV dysfunction after mitral valve 
surgery in patients with severe regurgitation.  

Altered GLS has also been found to be an 
independent negative predictor for those suffer-
ing from severe atrial regurgitation, pressure 
overload leading to a higher parietal stress, and 
consequent decrease in GLS35. 

Chemotherapy Related Cardiotoxicity
Anthracycline induced cardiotoxicity is of-

ten related to mortality of patients post chemo-
therapy35,36, thus necessitating periodic cardio-
logic monitoring. LVEF, obtained through 2D 
ultrasound, though widely used, is not sensitive 
enough and only detects variations greater than 
10%. Studies have demonstrated that a decrease 
in GLS is indicative of chemotherapy induced 
early subclinical systolic dysfunction, proving 
that STI is a better prognostic tool when com-
pared to the standard LVEF measurement36,38,39. 

Cardiac Resynchronization Therapy (CRT)
Asynchrony identified by STI can be used for 

the placement of LV leading for CRT. As asserted 
by several studies40,41, radial strain asynchrony 
(can be demonstrated by images acquired through 

Figure 3. Polar Map of longitudinal strain of the left ventricle, 2D STI. A, Patient with ventricular remodelling post myocardial 
infarction. B, Patient without ventricular remodelling post myocardial infarction.



V.I. Morariu, D.A. Arnautu, S.I. Morariu, A.M. Popa, et al

3908

short axis view) positively correlates with patient 
survival post CRT.

Other Potential Applications of STI
Further studies14,42 are required to assess the role 

that strain rate may play in the prognosis of other 
cardiovascular endpoints, such as stroke. Through 
the effective evaluation of carotid deformation 
parameters, circumferential strain and strain rate 
have proven their correlation with arterial rigidity 
and intima-media thickness, with their lower val-
ues indicating cerebrovascular disease. 

Conclusions

Speckle tracking is a very useful tool, both in 
diagnosing subclinical systolic disfunction of the 
left ventricle and providing valuable information 
about the prognosis in a variety of clinical settings, 
something which was previously not possible us-
ing regular 2D cardiac ultrasound. STI rely on 
semiautomatic algorithms to aid image acquisition 
and is independent of the angle of insonation, and 
therefore, speckle tracking provides good inter and 
intra-observer reproducibility, conditions that were 
previously unmet by regular cardiac ultrasound 
imaging. Once the software standardization is 
achieved, STI is a diagnostic tool worth consider-
ing in cardiology, and deserves a greater level of 
implementation. However, further research regard-
ing its use as a prognostic tool in other cardiovas-
cular related pathologies, such as cerebrovascular 
disease, is required.
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