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The aim of this paper is to provide a summary of the current knowledge of a new echocardiographic method - speckle tracking
echocardiography. Speckle tracking echocardiography (STE) allows frame-to-frame tracking of acoustic markers (speckles)
in 2-dimensional echocardiographic images. Based on relative changes in speckle position, the method enables simultaneous
quantification of myocardial deformation in 2 dimensions. Such speckle tracking is direction-independent. Using various
echocardiographic views, STE allows quantifying longitudinal, circumferential, and radial strain, and strain rate in all
myocardial segments. In addition, the method can be utilized to assess myocardial torsion as a difference between the
apical and basal rotation of the left ventricle. To date, STE has been successfully used to quantify regional and global left
ventricular function, to detect myocardial ischemia, to assess asynchrony of the left ventricular contraction, and to
differentiate between subendocardial and transmural myocardial infarction. In experimental settings, it was found to
provide exact information on myocardial viability. However, studies using STE are still few in number. Thus, further
projects are necessary to definitely determine the role of this method in clinical practice.
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Cilem této prace bylo shrnout sou¢asné znalosti o nové echokardiografické metodé nazvané ,speckle tracking” (volné prelo-
Zeno ,sledovani myokardialniho bodu*). Speckle tracking echokardiografie (STE) umoziiuje béhem provadéni dvourozmeér-
né echokardiografie sledovat mezi jednotlivymi ¢asovymi zabéry myokardu polohu jednotlivych ,skvrn-bodt“ ve strukture
myokardu. Na zakladé vzajemnych zmén poloh téchto ,skvrn-bod" mezi jednotlivymi zabéry STE dovoluje sou¢asné kvan-
tifikovat deformaci myokardu ve dvou rozmérech. Metoda je tihlové nezavisla. STE dovoluje pri uZiti raznych echokardio-
grafickych pohledti kvantifikovat podélnou (longitudinalni), obvodovou (circumferencialni) a radidlni deformaci a rychlost
deformace ve vSech myokardialnich segmentech. Metoda mtiZe byt navic vyuzita k posouzeni ,zkrouceni“ (torze) myokardu,
coz je rozdil mezi rotaci srde¢niho hrotu a srde¢ni baze levé komory. Do soucasnosti byla STE tispéSné pouzita ke kvanti-
fikaci regionalni a globalni funkce levé komory, k priikazu ischemie myokardu, k posouzeni asynchronie kontrakce levé
komory a k rozliSeni mezi subendokardialnim a transmuralnim infarktem myokardu. V experimentu metoda poskytla pres-
nou informaci o viabilité myokardu. Nicméné studii o STE je zatim malo. Proto je potfeba provést dalsi projekty, aby bylo
mozno definitivné posoudit tilohu této metody v klinické praxi.
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INTRODUCTION

The exact quantitative evaluation of the regional left
ventricular (LV) function still represents a great chal-
lenge. In this regard, all echocardiographic methods
utilized thus far have important limitations which
hamper their widespread clinical application. In addi-

tion, myocardial contraction is a very complex pro-
cess implying 3-dimensional deformation (longitu-
dinal, circumferential, and radial) as well as basal
and apical rotation creating myocardial torsion
(twist). At present, no echocardiographic method is
able to analyze all these components accounting for
the global myocardial performance. In this paper, we
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would like to discuss a new echocardiographic
method - speckle tracking echocardiography, which
offers a new insight into this area of problems.

PRINCIPLES OF THE METHOD

Speckle tracking echocardiography (STE) allows
frame-to-frame tracking of acoustic markers (speckles)
in 2-dimensional (2-D) echocardiographic images.
These speckles are normally visible in the myo-
cardium using 2-D echocardiography and are the
consequence of the interference of the reflected ultra-
sound causing an irregular speckled pattern of the
myocardium (Figure 1). Each region of the myocar-

Figure 1
image. Detail of the middle part of the septum.

Acoustic markers (speckles) in 2-D echocardiographic

Speckles are normally visible in the myocardium using
2-D echocardiography. They are the consequence of the
interference of the reflected ultrasound causing irregular
speckled pattern of the myocardium. Speckle tracking echo-
cardiography allows evaluation of myocardial deformation
based on frame-to-frame tracking of these speckles.

dium has its own unique pattern of speckles that
follows myocardial motion and can be recognized in
a subsequent frame. The relative changes in the
position of speckles from frame to frame enable quan-
tification of myocardial deformation in 2 dimensions.
Such speckle tracking is direction-independent.

DATA ACQUISITION

Parasternal short-axis views are used for the evaluation
of circumferential and radial strains or strain rates
as well as for the assessment of basal and apical
rotation. Apical views are utilized to determine longi-
tudinal and transverse strains and strain rates.
Individual views are stored in cineloop format for the
subsequent off-line computer analysis. Special soft-
ware (Echopack PC, GE Healthcare, Horten, Norway) is
commercially available for this purpose. In each view
analyzed, the endocardial border is manually traced
in the endsystole. Then, the software automatically
depicts the endocardial and epicardial borders of the
LV wall and divides the myocardium into 6 equidi-
stant segments. Finally, the software calculates the
mean values of the desired parameters (strain, strain
rate, rotation) for the entire myocardium of each
segment. The curves defining the time course of myo-
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Figure 2 Evaluation of regional strain using STE

Longitudinal strain derived from STE in a healthy volunteer.
Each colored curve represents the average of one segment
(6 curves describe 6 segments). The segments are designated
by various colors in the upper left corner of the picture.
Regional peak systolic, endsystolic, or postsystolic strain
can be quantified. The white dotted line represents the
average of all 6 segmental curves.

cardial deformation or rotation are created by
software for each segment for analysis of individual
parameters (peak systolic or endsystolic strain, peak
systolic strain rate, peak early and late diastolic strain
rates, peak systolic rotation, time to peak rotation,
rotational velocity, etc.). In addition, the latest
Echopack versions automatically create a curve ave-
raging the individual curves of all in-plane segments
(Figure 2, dotted line). It allows rapid determination of
the mean (i.e. global) functional parameters in the
analyzed plane. The averaging of curves is especially
important in patients with contractile asynchrony, in
whom peaks of deformation (or rotation) do not occur
at the same time. In such a situation, the instanta-
neous global deformation (or rotation) is smaller than
the sum of peak values divided by the number of
segments. The advantage of the software is its ability
to transfer the time intervals gained during the
preceding analysis of Doppler flows into the views
with final regional curves. By defining the times of
aortic valve opening and closure and mitral valve
opening, one can get exact information on peak
systolic, endsystolic, and postsystolic values of indi-
vidual parameters.

The success rate of 2-D strain analysis is relatively
high. Leitman et al.). demonstrated that 80.3% of
infarct and 97.8% of normal segments can be ade-
quately tracked using this technique. Serri et al.?
was able to analyze 2-D strain in 94.4% of normal
segments and 94.8% of segments in patients with
hypertrophic cardiomyopathy. Interobserver and
intraobserver variabilities for longitudinal, circumfe-
rential, and radial strain were 7.5%, 10%, 13.5%
and 7.9%, 10.9%, and 12.5%, respectively.? In direct
comparison of interobserver and intraobserver varia-
bilities for longitudinal strain, 2-D strain values were
found to have markedly lower variabilities (7.5% and
7.9%) than the strain values derived from Doppler
tissue imaging (13.7% and 14.5%, respectively).
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COMPARISON WITH SOME OTHER NEW
ECHOCARDIOGRAPHIC METHODS ASSESSING REGIONAL
LV FUNCTION. ADVANTAGES AND LIMITATIONS OF STE

Doppler tissue imaging (DTI) or DTI-derived strain
or strain rate measurements that have been most com-
monly used to evaluate regional myocardial function
have several limitations. DTI-derived parameters are
angle-dependent. It means that only components of
motion parallel to the ultrasound beam can be exactly
measured. In addition to myocardial function, DTI
velocities are also influenced by other factors that are
not associated with myocardial performance (extracar-
diac motion due to respiration, translational motion as
found for example in right ventricular overload, etc.).
Due to the tethering of normokinetic myocardium, the
adjacent segments with no myocardial deformation
(akinesis) show motion mimicking the preserved myo-
cardial function. DTI-derived strain and strain rate
represent a further step in an effort to achieve quanti-
tative information on LV regional systolic and diastolic
function. They reflect local intensity (strain) and velo-
city (strain rate) of myocardial deformation. Even if
they are less influenced by the tethering effect and
reflect more exactly the real myocardial function, they
are still angle-dependent. It means that myocardial
function cannot be determined in all myocardial
segments (mainly apical segments are excluded from
the analysis). In addition, only longitudinal myocardial
function can be determined in the majority of LV
segments, while the circumferential and radial
components of LV function can be evaluated in only
very limited areas of the left ventricle.

As compared with these methods, STE possesses
several important advantages. It is independent of
transducer orientation. It means that myocardial func-
tion and the course of myocardial deformation can be
quantified and expressed in all the segments. The imag-
ing of one 2-D view allows to gain functional para-
meters in 2 orthogonal dimensions implying that one
is able to express simultaneously either circumferential
and radial (when using parasternal short-axis views)
or longitudinal and transverse myocardial deformation
(when using apical long-axis views).

There are also several limitations of STE. At pre-
sent, the optimal frame rate for speckle tracking is
around 70 fps. Thus, the method has a somewhat
lower time resolution. It may slightly underestimate
the peak values (mainly in the strain rate evaluation)
and the assessment of myocardial synchrony may
not follow the small time differences (below approxi-
mately 10-15 ms). STE is derived from 2-D imaging.
It means that the quality of STE is dependent on the
quality of 2-D images. Acquiring quantitative data
requires off-line computer analysis and is relatively
time-consuming (analysis takes 10-120 min according
to the number of parameters evaluated and the
number of cycles analyzed).

POTENTIAL CLINICAL APPLICATIONS OF STE

A. Myocardial fibre architecture

and myocardial function

Myocytes and myocardial fibre orientation in the
left ventricle vary. Myocardial fibres run circumferen-
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tially at the mid-wall.® In the epicardium, they
rotate clockwise (as viewed from the outside) to form
a -60° left-handed helix. In the endocardium, they
rotate counterclockwise to create a +60° right-
-handed helix.® Analyzing the subendocardial region,
Greenbaum et al.”® described longitudinally directed
fibres forming the trabeculae and papillary muscles,
while fibres deep to and between the trabeculae
coursed obliquely. Most models studying the global
LV myocardial architecture suppose that the right-
-handed helical geometry in the subendocardium
gradually changes into a left-handed geometry in the
subepicardium.®® This setting of myocardial fibres
accounts for the complex 3-dimensional deformation
of the left ventricle, which has several components:
longitudinal and circumferential deformation (systolic
shortening, diastolic lengthening), radial deformation
(systolic thickening, diastolic thinning), and the LV
basal and apical rotation creating myocardial torsion
(twist). STE is the first echocardiographic method
allowing to assess and quantify all these components.

B. Quantification of regional

and global myocardial function

STE provides parameters quantifying both regional
and global systolic and diastolic functions. These
parameters are derived from the magnitude (strain)
and velocity (strain rate) of myocardial deformation.
The theoretical background, definition, and the clinical
meaning of strain and strain rate analysis have al-
ready been published in detail previously.®® In each
echocardiographic view analyzed, STE allows to
determine simultaneously peak systolic strains in all
segments recorded reflecting the regional systolic
function of individual segments. The sum of peak
values from all LV segments divided by the number
of segments analyzed gives the global LV systolic
performance index (global LV strain). Analogically,
peak systolic, early and late diastolic strain rate
values can be determined in each segment and the
mean value can be calculated. The strain is negative
for myocardial shortening and positive for myocar-
dial lengthening.

Figure 3 Strain during acute ischemia

This figure demonstrates acute ischemia during short-term
angioplasty balloon inflation in the left anterior descending
coronary artery. There is a clear lack of systolic deformation
with postsystolic deformation in the ischemic anteroseptal
and anterior regions.
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STE has repeatedly been shown to provide accurate
and angle-independent strain values as validated
against sonomicrometry or tagged magnetic resonance
imaging.©-'? Two-dimensional strain can be clinically
utilized to detect regional systolic dysfunction in
patients with myocardial infarction” or during acute
and exercise-induced myocardial ischemia.!314
Figure 3 demonstrates acute myocardial ischemia
during short-term angioplasty balloon inflation in the
left anterior descending coronary artery. There is
a clear lack of systolic deformation with postsystolic
thickening (deformation) in the ischemic anteroseptal
region. Becker et al.!® demonstrated that segments
defined as normokinetic, hypokinetic, and akinetic
by magnetic resonance imaging can be distinguished
by strain and strain rate parameters. Peak systolic
radial strain allowed detection of dyssynergy with
a sensitivity and a specificity of 83.5% (cut-off value
29.1%). The same parameter discriminated akinesis
from hypokinesis with a sensitivity of 82.7% and
a specificity of 94.5% (cut-off value 21%). Peak systo-
lic radial strain and peak systolic circumferential
strain were more accurate than peak systolic radial
and circumferential strain rates in the detection of
dyssynergy defined by magnetic resonance imaging.
Thus, strain values are likely to be optimal para-
meters for the quantification of the severity of LV
dysfunction.

Analysis of individual components of LV systolic
function with STE may provide more sensitive infor-
mation than commonly clinically utilized global para-
meters such as LV ejection fraction. As compared
with healthy controls, Serri et al.? described a signi-
ficant worsening of basal, middle, and apical longi-
tudinal strain in patients with non-obstructive
hypertrophic cardiomyopathy having excellent mean
LV ejection fraction of 69.3%. It supports the idea of
clinical importance of the quantification of longitudinal
myocardial contraction to unmask a subnormal LV
systolic function.16:17)

Another potential clinical application of 2-D
deformation analysis is the differentiation of subendo-
cardial and transmural myocardial infarction®® and
evaluation of myocardial viability.!® In subendo-
cardial infarction, 2-D circumferential strain para-
meters are normal but longitudinal strain parameters
are reduced. In contrast, transmural infarctions have
both short-axis and long-axis 2-D strain parameters
reduced.!® Similar results were obtained by Becker
et al.,?9 who described the ability of deformation
parameters derived from STE to discriminate between
different transmurality states of myocardial infarction.
The radial strain was 27.7%, 20.5%, and 11.6%
for segments with no infarction, non-transmural
infarction, and transmural infarction, respectively.
This parameter allowed distinction between non-
-transmural and transmural infarction with a sensi-
tivity of 70% and a specificity of 71% (cut-off value for
radial strain 16.5%). In a rat experimental model,
Migrino et al.’® demonstrated that 2-D echocardio-
graphy using endsystolic circumferential and radial
strain is useful for identifying viable/noninfarcted
versus nonviable/infarcted myocardium. In this
study, the presence of nonviability was verified histo-
logically using triphenyl tetrazolium chloride (TTC)
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staining. However, when evaluating and quantifying
LV function, one has to take into account the fact
that deformation parameters are preload-dependent
and afterload-dependent.@?

C. Evaluation of myocardial rotation

and torsion (twist)

During myocardial contraction, the left-handed
epicardial fibre helix pulls the apex counterclockwise
(as viewed from the apex) and the base clockwise.
The right-handed helix in the endocardium does the
opposite (Figures 4, 5). However, because of larger
radii, the effect of subepicardial fibres predominates.

Figure 4 Apical myocardial rotation

During isovolumic contraction (approximately at the time of
QRS complex), the LV apex exhibits a short clockwise rotation
(negative degrees) induced by the prevailing mechanical
activity of right-handed helical fibres in the subendocardium.
During ejection, apical rotation changes to counterclockwise
(positive degrees) because the left-handed helical subepicar-
dial fibre contraction dominates. The normal segmental
curves (in various colors) and a mean curve (white dotted
line) in a healthy volunteer.

Figure 5 Basal myocardial rotation

At the base, there is a short counterclockwise rotation
during isovolumic contraction that is caused by the con-
traction of subendocardial fibres. During ejection, clockwise
rotation follows due to the domination of subepicardial fibre
contraction. The normal curves in a healthy volunteer.

Meluzin J et al. Speckle tracking echocardiography 31



The result is LV torsion (calculated as the difference
between the apical and basal rotation of the heart).
Torsion (twist) results in storing elastic energy during
the systole. During isovolumic relaxation, this energy
is abruptly released (elastic recoil) leading to LV
diastolic untwisting. Rapid untwisting generates
an intraventricular pressure gradient®? which allows
LV filling at low filling pressure (diastolic suction).
Through such a mechanism, LV systolic function
directly affects the LV filling, i.e. the LV diastolic
function.®32% Rothfeld et al.®?® found a strong corre-
lation of the magnitude of the ventricular twist with
acceleration of the mitral E-wave (r = 0.75) and with
mitral E-wave acceleration time (r = -0.83).

STE is an accurate noninvasive method to meas-
ure LV torsion.?529 The detailed methodology
of the analysis of myocardial rotation and torsion
using STE has been described elsewhere.® From
the clinical point of view, it is important that apical
rotation and LV twist may serve as important
parameters of LV systolic function.?728 Takeuchi
et al.®® found a significant decrease in the peak LV
twist in patients with chronic anterior myocardial
infarction having the LV ejection fraction < 45%,
mainly because of the reduced apical rotation.
There was a significant correlation between the
peak twist and LV ejection fraction (r = 0.73) and LV
end-systolic volume (r = 0.56). Kroeker et al.?® and
Helle-Valle et al.?® described significant changes in
apex rotation during experimental acute ischemia.
Occlusion of the left anterior descending coro-
nary artery results in a significant reduction of
apical rotation.

D. Assessment of the synchrony

of LV contraction

Despite significant progress in the methodology of
cardiac resynchronisation therapy (CRT) using
biventricular stimulation, approximately 30% of
patients with heart failure, who fulfil the current
indication criteria for CRT, do not respond to this
mode of treatment. Suboptimal patient selection
(inclusion of patients with only mild mechanical
contractile asynchrony, those with significant
coronary artery disease) and technical limitations
(impossibility of locating LV lead into the optimal
position) may explain such results. In this regard,
STE offers 2 types of information which can improve
the results of CRT. First, it has the potential to
optimize quantification of LV contractile asynchrony,
which can be utilized for better selection of candi-
dates suitable for this mode of therapy. In contrast
to other echocardiographic methods utilized thus far
(M-mode, Doppler tissue imaging, strain and strain
rate derived from Doppler tissue imaging), STE
allows timing of myocardial deformation of all LV
segments including the apical segments, which are
not amenable by the aforementioned techniques.
The degree of mechanical asynchrony can be simply
calculated as the time interval between segments
with the earliest and the latest onset or peak of myo-
cardial deformation. Second, the identification of the
area of the latest mechanical activation may allow
insertion of the LV lead into this area. The LV lead
position in the area of the latest contraction deter-
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mined prior to CRT assures the maximal effect of
CRT.®9 Becker et al.®? successfully used circumfe-
rential strain curves derived from the speckle
tracking technique from all myocardial segments to
describe the temporal course of LV contraction.
These authors demonstrated that the segment with
the latest peak systolic circumferential strain is the
optimal target for the location of LV lead. Such LV
lead position results in the greatest reduction in LV
volumes and the maximal increase in LV ejection
fraction at both 3- and 10-month follow-up. The
intraobserver and interobserver variabilities for the
determination of time-to-peak circumferential strain
are 5.5% and 9%, respectively. Figure 6 demonstra-
tes a significant segmental contractile asynchrony in
a patient with dilated cardiomyopathy.

Figure 6 Significant segmental contractile asynchrony in
a patient with dilated cardiomyopathy

There are significant differences in times of the peak cir-
cumferential strain in individual segments. Mechanical
asynchrony can be determined as the time interval between
segments with the earliest (septum, red line) and the latest
(lateral segment, green line) peak strains. In addition, there
is a marked heterogeneity of segmental peak circumferential
strain values, which are significantly depressed with post-
systolic peaks in anterior (light blue line), lateral (green line),
and posterior (violet line) segments.

CONCLUSION

STE appears to be a promising method of evaluating
systolic and diastolic myocardial function. It allows
quantification of various components of myocardial
function, such as longitudinal, circumferential, and
radial deformation as well as basal and apical rotation.
The difference in the apical and basal LV rotation
defines the myocardial torsion that significantly
contributes to normal systolic and diastolic LV
function. In addition, STE enables quantification of
the onset and peak of mechanical activation of all
myocardial segments, which can be utilised to impro-
ve the current methodology of resynchronisation
therapy. However, the studies on STE are still few in
number and have included only a limited number
of patients. Thus, further studies are necessary to
definitely determine the role of this method in clinical
practice.
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