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Introduction
In clinical cardiology, the quantification of regional myocardial 

function by means of non-invasive method is an important goal. The 
challenge which conventional echocardiography faces while analyzing 
the regional motion as well as assessing the regional myocardial 
function is that it is a visual estimation of wall motion which is very 
subjective and thus highly operator dependent. It has high interobserver 
and intraobserver variability. It also makes limited appraisal of the 
radial displacement and deformation, without assessing shortening 
and twisting of the myocardium [1,2]. For this very rationale, Doppler 
tissue imaging has been used to quantify ventricular function. It 
measures the velocity of myocardium (in the longitudinal direction 
from apical windows and in the radial direction from short-axis 
scans) during systole and diastole. Vis-a-vis the ejection fraction, 
Doppler is considered to be more sensitive as far as the subtle change 
of myocardial contractility is concerned [3]. Nevertheless, due to 
translational movement and tethering, tissue velocities are affected, 
thereby introducing an intricacy to discriminate a kinetic segment 
that are pulled (or tethered) from actively contracting segments [4]. 
Moreover, there is no uniform distribution of the velocities across 
the myocardium, as it decreases from base to apex, hence making it 
complicated to establish reference values.

With the introduction of the newer indices, myocardial strain and 
Strain Rate (SR), there has now been a potential to overcome these 
limitations. Both, strain that signifies the magnitude of the myocardial 
deformation and SRs which represents the rate of deformation, are an 
energy-requiring process that occurs in both systole and diastole. It 
permits a very comprehensive assessment of myocardial function as 
these indices have the ability to discriminate between both active as well 
as passive movement of myocardial segments, aids in quantification of 
intraventricular dys synchrony and assess components of myocardial 
function, including longitudinal myocardial shortening, thereby 
making the spectrum of its potential clinical applications very wide. 
We hereby review the applicability of strain and SR echocardiography 
in the real world patients.

The two important indices which would help in explaining the 
concept of strain and SR imaging are myocardial wall motion and 
wall deformation [5-9]. Wall motion is characterized by velocity and 
displacement; on the other hand, wall deformation is illustrated by 
strain and strain-rate. With the movement of an object in relation 
to time, it changes its position, gets displaced. If all the parts of this 
object moves with the same velocity, there occurs no deformation in 
the shape. However, instead if the movement of the various parts of the 
said object occurs with different velocities, it undergoes deformation 
and thus bringing change in its shape. Hence to differentiate between 
the active and passive myocardial segment movements, it is via the 
deformational analysis that has an upper hand compared to the wall 
motion measurements.

Strain is a measure of tissue deformation. With the ventricular 
contraction, two things happen. There is shortening of the muscle in 
the longitudinal and circumferential dimensions, known as a negative 
strain and there is thickening or lengthening in the radial direction, 
which is called as a positive strain.

Strain Rate (SR) is the rate by which the deformation occurs 
(deformation or strain per time unit). It is the primary parameter of 
deformation derived from tissue Doppler. The unit of strain rate is s-1. 
Indeed, SR seems to be a correlate of rate of change in pressure (dP/
dt), a parameter that is used to reflect contractility, whereas strain is 
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Abstract
The indices to measure the deformation of the myocardium by non-invasive techniques has proven to be a 

decisive modality. Done by strain and strain rate, both of these approaches allow comprehensive assessment of 
myocardial function and thereby broadening the spectrum of its clinical applications. They provide an early detection 
and quantification of myocardial dysfunction of different etiologies, assess the viability of the myocardium and finally 
the data provided by strain and strain rate are helpful for therapeutic decisions as well as useful for follow-up 
evaluations of post cardiac interventions. Their feasibility in measurement of the parameters however is marred by 
technical challenges, susceptible to artifacts as well as observer variability.

In this review the discussion elucidates the concepts of deformation imaging and also portrays comparatively 
two major deformation imaging methods (TDI-derived and speckle tracking 2D-strain derived). The focus shall be 
on the development of the technique and its limitations, together with current status of potential clinical applications. 
Despite the fact that further exploration is still awaited to bring an objectivity to the evaluation of the cardiovascular 
disease, presently considering of its applicability, these new tools of non-invasive cardiology have generated a great 
deal of interest amongst the cardiologist. 
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image. Each pixel in this acquired image represents the velocity relative 
to the transducer. Graphically this data can also be expressed as the 
velocity of the myocardium relative to time (on the x axis). These 
recordings have revealed a descending gradation of velocity that exists 
from the LV base to apex, reflecting the contraction of the base toward 
a relatively fixed apex (Figure 1).

By measuring the motion of the myocardium with respect to the 
adjacent myocardium, one foregoes the limitation of the tethering 
effect which is encountered when the motion is compared with the 
transducer. A regression calculation is performed between the velocity 
data offered from the adjacent sites along the scan line which in turn 
provides an instantaneous gradient of velocity along a sample length. By 
combining these instantaneous data, an SR curve is procured (Figure 2) 
[13,14]. In two ways these measurements can be demonstrated, either 
as numerical curves or displayed in semi-quantitative color display. 

an analog of regional ejection fraction [10]. Strain is increased at all 
the levels of the wall stress with increase in the pre-load, while there is 
reduction of strain with the increase in the after-load. Although normal 
Left Ventricle (LV) cavity size has a limited impact on strain, small LV 
size is met with increase in radial strain and reduction in longitudinal 
strain. In contrast, SR is thought to be less related to pre-load and 
after-load. Heimdal et al. [6] measured the SR from comparison of 
adjacent tissue velocities and thus paving the way for the current era 
of myocardial strain measurement. Subsequently, strain has been 
measured using speckle tracking techniques [11,12]. Each of these 
methodologies presents its own clinical challenges. 

Tissue Doppler-Based Strain
With the tissue Doppler techniques, velocity of movement of 

myocardium can be recorded and displayed as a parametric color 

S: Systolic Velocity, Ea: Early Diastolic Vel., La: Late Diastolic Vel

Figure 1: Septal Tissue Doppler velocities showing gradual reduction from base to apex.
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When displayed in color coded fashion, tri-color combination is used 
to illustrate deformation of the segments; green is no deformation, cyan 
for stretching and yellow for compression. Strain is thereby represented 
with the integration of this curve, which reveals instantaneous data on 
deformation that is shortening or lengthening (Figure 3). From the 
experimental as well as the clinical articles one thing that has come out 
with certainty is that by evaluating the movement of the tissue segment 
site of the myocardium with respect to the other site in a given sample 
volume reflects site specificity instead of using the tissue velocity data, 
where in the movement of the segment site is compared relative to 
transducer which is marred with tethering issues. This becomes more 
so highlighted when we are handling patients with coronary artery 
disease [15,16].

Limitations of Tissue Velocity 
First, signal noise poses a menace when there is comparison of 

adjacent velocities. In order to evade this reverberation artifact, one 
would need to optimize the velocity signal. 

Second, by limiting the number of Doppler interrogating beams 
in an effort to maximize temporal resolution, spatial resolution gets 
compromised.

Third, alignment is another area of concern during the 
measurement of the strain. The error in measurement of the strain is 
documented especially in situation where in the axis of the contraction 
changes along the line of scan.

Fourth limitation would be where the concept of the dynamic 
motion of the myocardium per se is not taken into consideration. 
Myocardium has a unique wringing and torsional motion, which is not 
line with the unidirectional linear scan as the velocity regression tries to 
derive the data. Consequently, one has to face the fact that the sample 
inevitably shall no longer be within the scanning field. This inadequacy 

Figure 2: Normal average strain rate shown by numerical curve in lower panel, arrow showing peak systolic negative strain rate. Upper panel showing color-coded 
strain rate Yellow showing contraction during systole and in early diastole, cyan is for stretching during early and late diastole.
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more so effects the diastolic measurements. Also in condition such as 
ischemic cardiomyopathy where the myocardial motion is not uniform 
it plays an important constrain. 

Finally, the dynamic relationship shared between the cardiac cycle 
and the respiration system; there are changes in the angles which would 
waft the strain curve. 

Despite these limitations tissue Doppler based strain evaluation 
has been extensively validated, initially with sonomicrometry [9] and 
subsequently have been confirmed by tagged magnetic resonance 
imaging, which is a gold standard [17].

Two-Dimensional Speckle-Tracking (2D-STE)
By using the frame-by-frame tracking of acoustic markers 

that are generated from interaction between the myocardium and 
the ultrasound waves, the 2D echocardiography-STE analyzes the 
myocardial motion [13,18].

Two different tracking algorithms are used for the purpose of 
measurement. Both of these methods are independent of the insonation 
angle. By using these algorithms one can measure longitudinal, radial 
and circumferential strains. (Longitudinal-from apical views; radial-
from short-axis and apical views, and circumferential-from short-
axis views). 2D-STE can also help in assessing the more complex 
deformations, such as rotation, twist, and torsion [19] Compared to 
the Doppler, 2D has better intra as well as interobserver variability and 
are also when evaluated against noise, 2D fares better than Doppler 
[20]. To steer clear of the speckle decorrelation and to acquire a good 
image quality, frame rates of approximately 50 - 70 are needed for 
accurate tracking. Recent 3D wall motion tracking has been developed 
which got its validation in sheep using sono micrometry [21]. This new 
modality has the potential to be more accurately evaluate ventricular 
function in patients with ischemic heart disease. 

2D strain has been validated against DSI [22] and strain measured 

Figure 3: Strain image taken by selecting mid and basal segments of posterior wall showing systolic stretching without any contraction (peak positive strain=3.6%) .
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using sono micrometry [23-25] and tagged MRI. [17,23,26,27] DSI and 
STE are compared in Table 1 and are compared with tagged MRI in 
Table 2.

Clinical Implications
In today’s world strain rate imaging is considered to provide 

supplementary information to conventional 2D echocardiography in 
assessment of ventricular functions, regional wall motion abnormality, 
presence, extent and degree of hypokinesia. Both in children as well 
as adults, strain and strain rate imaging have been validated in being 
clinically feasible and also reproducible. At present maximum research 
is going on in the field of ischemic heart disease. Superiority of strain 
and strain rate imaging over tissue Doppler imaging for regional and 
global systolic function assessment is documented by previous studies. 
Recent advances in the management of end stage heart failure by left 
ventricular resynchronization has opened a new field for using strain 
rate imaging by transthorecic or intra-cardiac assessment of ventricular 
myocardial dyssynchrony (intramyocardial, intraventricular and 
interventricular). This method is found to be useful in other myocardial 
diseases, by providing additional information about heterogeneity 
of function, especially in various cardiomyopathies.

Ventricular Function
Systolic Function: Measurement of elastance is considered gold 

standard for the global assessment of LV function. Strain rate, which 
is an indirect measure of elastance, can be used as a noninvasive 
parameter for assessment regional myocardial function [28]. As 
compared to conventional 2D methods SRI is least dependent on 
preload and after load, does not influenced by manual boundary 
detection, and is considered superior over TDI in previous studies 
[29]. However, technical feasibility is still questioned in absence of a 
defined normal range, inter and intra-observer variability and need for 
an experienced operator.

Diastolic function
In absence of a direct measure of ventricular relaxation transmittal 

flow is used to assess diastolic functions, which is load-dependent. 
Tissue Doppler imaging is of incremental value in separating normal 

form pseudo normal LV filling pattern. Role of strain and strain rate 
imaging is still unclear in absence of studies.

Right ventricular function

Measurement of RV systolic function is of immense interest in the 
evaluation of patients after total correction for Fallot tetralogy, after 
Senning procedure for transposition, in ventricular non-compaction 
and in arrhythmogenic RV Cardiomyopathy [30,31]. Complex 
asymmetrical shape of right ventricle makes it prone to errors while 
assessing ventricular function by 2D echocardiography [32,33]. Tissue 
Doppler and strain rate imaging are emerging fields with encouraging 
results, however certain limitations like thinness of RV wall, complex 
contraction pattern of septum due to involvement of LV and RV both 
and difficulties in alignment of insonation angle are major hurdles to 
this technique. 

Ischemic Heart Disease
Great concern lies in evaluating patients of ischemic heart 

disease ranging from differentiation of acute from chronic ischemia, 
transmural from subendocardial infarction, to detection of viability 
and small region of myocardial insult. Each of these issues helps in 
deciding management strategies and prognostication.

Differentiation of viable form nonviable myocardium has major 
clinical implications in terms of management decisions, however 
conventional methods like Q waves in electrocardiogram and 
myocardial wall thinning are not reliable markers for detection of 
extent of necrosis [34,35]. Stress echocardiography is an efficient tool 
for detection of reversible myocardial ischemia. An improvement in 
reproducibility and less inter observer variability has been seen with 
incorporation of tissue velocity to stress echocardiography [15].Strain 
rate imaging is also integrated to the stress echocardiography with the 
notion that it has the ability to discriminate between active contractions 
vs. passive movement, less amenable to myocardial tethering and is 
capable in detection of slight changes in wall motion with promising 
results [15,29,34]. Although the most sensitive marker for ischemia is yet 
to be established, measurements like loss of homogenous distribution of 
strain parameters, reduction and even reversal of early systolic regional 
strain rates, delayed time of onset of relaxation, and increase in post-
systolic thickening appears appropriate for the detection of inducible 
ischemia [36]. Technical feasibility of SR imaging with do butamine 
stress echocardiography has been proved in various studies [36,37]. 
There is a proportionate increase in systolic strain rate with increasing 
dose of dobutamine and a blunted response is considered significant 
for detection of significant stenosis. The proposed cutoffs values for 
detection of ischemia are an optimal longitudinal SR of 0.8/s (sensitivity 
75%, specificity 63%) and a peak systolic strain of 10% (sensitivity 86%, 
specificity 83%) [38]. A post systolic shortening cutoff of 35% gave a 
sensitivity of 82% and specificity of 85% for the detection of ischemia 
[39]. Dobutamine causes reduction in time to onset of relaxation in 
normal myocardium, while in ischemic segments this onset is delayed. 
A change in TR of >20% was proposed as a cutoff for identification 
of new wall motion abnormalities with a sensitivity of 95% and a 
specificity of 75% [40]. Subendocardial early diastolic SR during low-
dose dobutamine infusion was found to be more sensitive parameter of 
ischemia in one of the studies [41]. SRI is found to be superior to TDI 
as a noninvasive tool for this differentiation while considering MRI 
and PET as gold standards, and has direct relationship to infarct size 
[42]. Infarcted myocardium was characterized by significantly reduced 
systolic and diastolic deformation rates [42]. Post-systolic shortening is 
another important parameter for detection of viable tissue after acute 
myocardial infarction [37,38,42,43].

DSI STE
Doppler technique 2D  echo technique

High temporal and spatial resolution Good temporal and spatial resolution
Measures natural strain Measures Lagrangian strain

Unaffected by translational motion Affected by translational motion
Highly insonation angle dependent Independent of insonation angle

Longitudinal and radial strain Measures multiple deformations

Requires high frame rates (100 to 130) Requires high quality image, more 
modest frame rates

Substantial interpretative variability Less sensitive to noise; better 
interpretative variability

Table 1: Comparison of DSI and STE.

DSI STE Tagged MRI
Temporal resolution

Availability Excellent Good Poor

Acquisition time Short Short Long
Postprocessing Short Short Long

3 D imaging No Yes Yes
Expense Inexpensive Inexpensive Expensive

Availability Widely available Widely available Limited
availability

Table 2: Comparison of DSI, STE and Tagged MRI.
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In patients of acute coronary syndrome, presence of post-systolic 
shortening along with reduced systolic SR, during ejection correctly 
identified acutely ischemic myocardium [44]. High, abnormal SR 
can easily recognize post-systolic shortening during the isovolumic 
relaxation period [44]. This phenomenon was observed in the ischemic 
myocardium and along the viable border zone in initial period of 
insult. The extent of myocardium that exhibits post-systolic shortening 
approximates the extent of myocardium at ischemic risk [45]. Systolic 
myocardial velocity gradient are recovered partially while post systolic 
shortening often disappears after reperfusion in myocardial walls with 
non-transmural infarction, but not with transmural infarction [46]. 
Partial recovery of systolic myocardial velocity gradient identifies 
stunned myocardium and can be identified by blunted systolic SR and 
strain that eventually increased during a dobutamine challenge. 

Cardiomyopathy
Till recent times, detection of ventricular asynchrony had been 

based on visual detection of asynchronous myocardial motion which 

was visually estimated by 2D images, Septal Posterior Wall Delay 
(SPWD) on M-mode and prolongation of pre-ejection period on 
Doppler imaging. Except for SPWD, all other methods are not sensitive 
enough to detect a regional delay of >70 ms; moreover SPWD is limited 
to two segments only. 

With increasing number of non-responders the apparent need 
for improved patient selection and follow-up has led to the further 
advancement in technology with incorporation of TDI and SRI with 
high temporal resolution to overcome these limitations. The pulsed-
wave technique has higher temporal resolution but time-consuming 
measurement of Ts, discrepancy in ideal site for sampling and higher 
inter and intra observer variability has limited its application (Figure 4A) 
[47]. Colour Coded Tissue Velocity (CTDI) and deformation imaging 
(SRI) with incorporation of parametric imaging are used extensively for 
dyssynchrony assessment because of its lesser dependence on operator, 
less complex interpretation and direct comparisons of several segments 
in the same cardiac cycle (Figure 4B). However, reproducibility and 
reliability of this new parametric imaging technique still has to be 

Figure 4A: Simultaneous mean TDI velocity from mid-basal inferior wall (Red) and mid basal anterior wall (Blue). No definite systolic peak in inferior wall tissue 
velocities.



Citation: Vivek Kumar, Kishan AJ, Daga LC, Shrivastava S (2014) Strain Rate Imaging: Real World Scenario? J Cardiovasc Dis Diagn 2: 145. 
doi:10.4172/2329-9517.1000145

Page 7 of 9

Volume 2 • Issue 2 • 1000145
J Cardiovasc Dis Diagn
ISSN: 2329-9517 JCDD, an open access journal 

evaluated. The presence of regional dyssynchrony (differential onset of 
contraction) can be identified using strain rate imaging with enhanced 
reproducibility. Post systolic contraction is also found to be an efficient 
marker of recruitable contractile reserve especially in non-ischemic 
Cardiomyopathy patients. As this is also a marker of ischemia and might 
not be modified by changing activation sequence using bi-ventricular 
pacing, absence of ischemia should be documented [48]. In recent 
studies regional strain patterns between two consecutive segments 
were compared in off pacing with documentation of significant 
dyssynchrony and its improvement with active bi-ventricular pacing 
with optimisation of AV and VV delay [49]. The quantitative analysis 

of the regional deformation properties showed that there is marked 
discrepancy between onset of motion vs. onset of deformation which 
is significantly delayed; this also proves superiority of deformation 
imaging. 

Recent studies using SR imaging has given better insight in 
understanding the beneficial effects of biventricular pacing [50,51]. 
The proposed explanation is that by reducing the abnormal stretch 
and redistribution of regional systolic strain there is unloading of 
the dyssynchronus segments which may normalize the abnormal 
myocardial calcium handling and may reduce arrhythmogenecity [52].

Figure 4B: Simultaneous mean strain rate from mid-basal inferior wall (Red) and mid basal anterior wall (Yellow). Intra ventriculardys synchrony reported between 
two walls with a time delay of 108ms. Upper panel shows akinesia in inferior wall depicted in green color during systole in left panel. Right panel shows systolic 
contraction in mid segments of anterior wall.
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Role of strain and strain rate imaging in evaluation of sub-clinical 
myocardial involvement and its response to treatment in non-cardiac 
diseases such as amyloidosis, diabetic heart disease, Friedrich ataxia 
and Fabry disease is also an evolving field with promising results [53-
55].

Synopsis 
Regardless of various researches and subsequent data that have 

considerably validated its clinical utility, DSI has still not become a 
routine standard modality of practice in the real world. The reason of 
its failure to catch up is because it requires expertise, highly trained 
operators, acquisition of the data is time-consuming and processing 
is met with high interobserver variability. In addition of being 1D, 
its highly angle-dependent nature and limited spatial resolution with 
reduced signal-to-noise ratio are important limitations. In contrast, 
STE is more likely to become standard practice because it may 
be semi-automated, therefore less time consuming, has increased 
reproducibility, greater signal to noise, no angle dependency, and 
is multidirectional. Finally, although temporal and magnitude 
markers of regional strain and changes in the strain curve (e.g., 
postsystolic shortening) will find importance in specific situations, 
global longitudinal strain, which correlates with LV ejection fraction 
and predicts functional recovery and cardiovascular morbidity and 
mortality, has the potential to become a routine clinical measurement 
in the evaluation of CAD. Future applications of this technique might 
be in 1/- detection of cardiotoxicity in cancer patients undergoing 
chemotherapy, 2/- predicting rejection of transplanted heart in cardiac 
transplantation, and in 3/- effect of intracoronary stem cell therapy on 
left ventricular function in acute myocardial infarction. 

Conclusion 
With the entry into the twenty first century, the field of non-invasive 

cardiology has met with enlivening advances with both Doppler-
derived and 2D Echocardiographic-derived myocardial strain imaging. 
Strain and SR have shown to be sensitive in detection of early disease; 
they correlate well with other measures of cardiac function, and also 
detect changes in myocardial contractility, both normal and abnormal, 
across a wide range of ischemic syndromes. These newer modalities 
have paved a fresh path to analyze the complex deformations of the left 
ventricle. They also give an impression to enhance detection of both 
coronary artery disease and viable myocardium, predict the sequelae 
of myocardial infarction, the response to reperfusion, and prognosis. 
Presently it is expected that with further technological refinements, 
echocardiographic strain imaging would provide much needed 
objectivity to the evaluation of cardiovascular disease, especially in the 
patients with coronary artery disease. Calculation of strain and strain 
rate in 3 dimensions during the same cardiac cycle is probably going to 
be the new development in deformation imaging by echocardiography.
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