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Abstract

The role of strain analysis using 2-dimensional speckle
tracking (2DST) has been well documented, and it represents
an important complementary tool in the assessment of cardiac
mechanics, adding value in the identification of incipient and
subclinical myocardial injury in different clinical scenarios.
A significant advance related to echocardiography was the
development of 3-dimensional speckle tracking (3DST), which
has the potential to overcome many limitations intrinsic to
2-dimensional technology, offering additional parameters
of myocardial deformation (such as area strain) and a more
comprehensive quantification of the geometry and function
of the left ventricular myocardium, based on a single image
acquisition. Among its main limitations, the low temporal and
spatial resolution stands out, in addition to the dependence on
high-quality images and a well-trained operator. Although it is
a relatively recent technique that is still under development,
several experimental studies and some clinical investigations
have already demonstrated the reproducibility and potential
applicability of 3DST. The objective of this article is to add
information about adequate analysis of 3-dimensional left
ventricular strain and explore its main points of vulnerability,
discussing important variables to increase the accuracy and
reproducibility of this technology.

Introduction

Echocardiographic analysis of myocardial deformation
(strain) is a robust tool that adds important information
regarding conventional parameters in relation to prognosis,
specific parametric patterns of different cardiomyopathies,
and detection of subclinical or incipient injury in different
clinical scenarios.

Strain reflects myocardial deformation, which represents
the percentage of shortening or lengthening of a determined
myocardial segment in relation to its initial measurement, in
systole or diastole. Currently, echocardiographic assessment of
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strain is mainly performed using the speckle tracking technique in
the ventricular myocardium. The bright white dots that are visible
on grayscale images are natural acoustic markers that represent
specific tissue patterns in the myocardium, characterizing that
segment’s “fingerprint.” The software identifies these speckles and
tracks their movements in all directions. Strain is then evaluated
based on frame-by-frame comparison of the patterns of these
speckles during the cardiac cycle.!

The role of strain analysis using 2-dimensional speckle
tracking (2DST) has been well documented; it is a sensitive
and reproducible marker for analyzing cardiac mechanics,
validated in both in vitro and in vivo models.? lts value in
the subclinical detection of ventricular dysfunction and its
prognostic role have been demonstrated in different clinical
scenarios; the main parameter involved is global longitudinal
strain calculated by 2DST.

Strain can also be assessed using the 3-dimensional
speckle tracking (3DST) technique, which, in theory, has
greater anatomical correspondence and minimizes many
limitations related to the 2-dimensional technique.® 3DST
does not depend on geometric assumptions, as 2-dimensional
imaging does, and speckle tracking is conducted by means of
a homogeneous spatial distribution of each component of the
myocardial displacement vector, minimizing errors related to
tracking, which often occur with the 2-dimensional technique,
in which the analysis of real cardiac mechanics is technically
limited.* Furthermore, 3DST analysis is less time-consuming
(one third shorter than 2DST), and it calculates all components
of myocardial deformation in the same cardiac cycle, under
the same hemodynamic condition.® The 3-dimensional
technique allows for assessment of all parameters related
to ventricular mechanics only by obtaining an image in the
apical 4-chamber plane, at the same moment of the cardiac
cycle, unlike images obtained with the 2-dimensional
technique, which requires multiple image acquisitions, at
different moments. As left ventricular myocardial fibers have a
complex spatial orientation and they contract simultaneously
in different directions, ventricular mechanics are by nature
a 3-dimensional phenomenon; therefore, this assessment
requires a 3D imaging method.® 3DST analysis was compared
to 2DST in relation to reference parameters of cardiac magnetic
resonance imaging, and it was shown to be more accurate
and reproducible in patients with different left ventricular
morphologies (different sizes, normal and abnormal systolic
function).” 3DST is, therefore, potentially more accurate and
efficient than 2DST for analyzing ventricular mechanics.®

Important limitations related to the 3-dimensional
technique include its low spatial and temporal resolution,
lower availability, higher cost, dependence on high-quality
images, and the fact that it requires examiners who are well
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Central lllustration: My Approach to 3-Dimensional Left Ventricular Strain
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Example of sequence in left ventricular strain analysis using three-dimensional speckle tracking technique. A: Multiplanar image post three-dimensional acquisition,
demonstrating tracking in the left ventricular myocardium. B: lllustrative image demonstrating evaluation of the full left ventricular volume. C: Curves and table
with 3D strain values of all myocardial segments, in this case, an example of basal left ventricular twist calculation. D: Bull's Eye with 3D strain values of all
myocardial segments, in this case, an example of left ventricular radial deformation.

trained in the technique. Additionally, accurate acquisition is
not always feasible in multiple cycles, as required, for example,
in the presence of arrhythmia.

Analysis of left ventricular mechanics through 3DST
allows the calculation of longitudinal strain, radial strain,
circumferential strain, apical or basal rotation, twist, torsion,
untwist, and area strain. Area strain is a more recent index that
has been shown to be promising in several scenarios, reflecting
the calculation of relative change in the endocardial surface
area of a determined segment in relation to its original area
(integrating analysis of myocardial fibers in the longitudinal
and circumferential direction).’

The objective of this article is to provide step-by-step
guidance for adequate analysis of 3-dimensional left ventricular
strain and to explore the main points of vulnerability involved
with this technique, discussing tools that should be considered
to increase the accuracy and reproducibility of this technology.

Calculation of 3-dimensional left ventricular strain

Apical 4-chamber plane image acquisition

Strain calculated by ST3D is analyzed based on the
3-dimensional full volume technique. Regardless of
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the software used, the first and main step towards an
accurate assessment is the adequate acquisition of the
echocardiographic image in apical 4-chamber view (for at
least 3 cardiac cycles). The patient should be under satisfactory
electrocardiographic monitoring; if possible, expiratory apnea
should be attempted, avoiding translational movements of
the heart with respiration. Regarding device adjustments,
focus, depth, sector angle width, and gain should be adjusted
in order to adequately include the left ventricle within the
pyramidal volume. Adjustments should be made with the aim
of obtaining adequate temporal resolution (at least 20 to 30
volumes per second).

Some special precautions should be taken, especially
during acquisition. Foreshortening of the left ventricular
cavity should be avoided as much as possible, as this may
lead to an overestimated calculation of longitudinal strain.
Care is required to include the entire endocardial border of
the anterolateral wall, which is often acquired inadequately,
leading to underestimation of strain values due to tracking
error. Artifacts, reverberations, and especially limited
visualization of the myocardium can cause speckles to be
tracked inadequately, generating incorrect results. Images
should be acquired using harmonics, in order to optimize
their quality as much as possible.

Tracing — Defining the region of interest (ROI)

After acquiring the image in the apical 4-chamber plane,
views are displayed in 5 planes in a standard axis, with 2
orthogonal longitudinal and 3 transverse views. The ROI,
which is the left ventricular myocardium, will then be defined
for full volume and strain analysis. This definition begins

by marking 3 points on the left ventricular myocardium in
both orthogonal views, namely, 2 points at the edges of the
mitral valve annulus and 1 point at the left ventricular apex
(Figure 1). Depending on the software used for analysis, this
display format may vary.

Subsequently, left ventricular endocardial tracing, in
this case, the ROI, is semi-automatically generated by
Wall Motion Tracking software. At this point, if necessary,
manual adjustments can be made to incorporate the entire
thickness of the wall under analysis, leaving its shape and
width as close as possible to the myocardial anatomy.
Angulation of the ROI should be avoided; likewise, the
pericardium, mitral annulus (especially when calcified),
and extracardiac spaces should not be included, as these
variables may underestimate the strain value. The left
ventricle segmentation model may vary between software,
which may include 16, 17, or 18 segments; the 17-segment
model is generally more used in echocardiography and
other diagnostic modalities, as it reflects myocardial
perfusion territory. Currently, most devices automatically
identify moments in the cardiac cycle. Current software
commonly uses the peak of the QRS complex to define
end diastole, marking it automatically, without interference
from the examiner. However, it is possible to use event
markers to manually define the beginning (end diastole)
and end (end systole) of myocardial contraction in the
cardiac cycle.

Assessing the tracking quality

After properly defining the ROI, the software automatically
generates calculations of volumes, 3-dimensional ejection

Figure 1 - Echocardiographic image after 3-dimensional acquisition, for technical adjustments and 3DST analysis. Five planes are shown, 3 transverse and 2
longitudinal. At this point, adjustments such as alignment, gain, and choice of cardiac cycle can be made. The ROl is defined by marking 3 points on the left
ventricular myocardium, 2 points at the edges of the mitral valve annulus and 1 point at the left ventricular apex (indicated by arrows).
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fraction, and strain with all left ventricular mechanical indices
(Figures 2 and 3).

At this moment, speckle tracking should be carefully
analyzed in order to define its accuracy. This analysis is
essentially subjective, and adequate training and learning
curve are important for the reproducibility of results. If, based
on a subjective analysis, tracking errors are identified, the
analysis should be corrected, restarted, or not used. Segments
that do not read properly after an initial adjustment should
be discarded. The greater the number of discarded segments,
the less reliable the result. In general, when more than 2
myocardial segments are not well visualized, especially if they
are contiguous, the analysis should not be used.

Depending on the software used, the ROI can encompass
the entire myocardial wall or be divided into endocardial,
mesocardial, and epicardial layers, with each contour selected
automatically or manually. Usually, when no specific layer is
selected, the results correspond to the entire wall thickness.

Interpretation of the results

Analysis of left ventricular myocardial strain using the
3-dimensional technique makes it possible to calculate the
following mechanical indices:

— Clobal longitudinal strain: represents systolic myocardial
fiber shortening in the longitudinal direction, with
negative values, expressed as a percentage.

— Clobal radial strain: represents systolic myocardial fiber
thickening in the radial direction, with positive values,
expressed as a percentage.

— Clobal circumferential strain: represents systolic
myocardial fiber shortening in the circumferential
direction, with negative values, expressed as a percentage.

— Rotation: represents the calculation of apical or basal
rotation, with values expressed in degrees.

— Twist: represents the difference between apical and
basal rotations, during systole, expressed in degrees.

— Torsion: represents the difference between apical and
basal rotations, indexed by the longitudinal length of
the left ventricle, expressed in degrees per centimeter.

— Untwist: represents the difference between apical and
basal reverse rotations, during diastole (elastic recoil),
with a value expressed in degrees.

— Clobal area strain: represents the calculation of the
relative change in the endocardial surface area of a
given segment in relation to its original area.

Itis important to highlight that, although many mechanical
indices are expressed in negative values, some authors prefer
to use absolute values in order to avoid interpretation errors.

The results of strain analysis are displayed in curves for each
segment evaluated; depending on the software, they are also
displayed in a table with the strain values for each segment, as
well as the global strain value. All mechanical indices can be
calculated based on a single acquisition in apical 4-chamber
view (Figure 4). Furthermore, the calculations are displayed
on a polar map (better known as bull’s eye), which is a
graphic representation of the strain values of each segment,
also allowing subjective parametric analysis of the myocardial
deformation pattern, which is often peculiar and corresponds
to certain cardiomyopathies (Figure 5).

It is extremely important to understand and properly
interpret the morphology and values of strain curves, also
taking into consideration the moment when they occur in
the cardiac cycle. In this context, multiple parameters can
be analyzed, especially considering indices related to systolic
function, such as end-systolic strain, which represents the
deformation at the time of aortic valve closure. This is the
standard parameter to describe the systolic strain value. Peak
systolic strain represents the largest value of negative strain
during systole. Positive peak systolic strain, which occurs
at the end of diastole, represents significant myocardial
stretching or possibly a relevant change in situations of
regional dysfunction. Post-systolic strain (or post-systolic
shortening), which is the maximum value of deformation that
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Figure 2 - Example of a 3-dimensional echocardiographic study presenting full volume analysis, with estimated left ventricular volumes and ejection fraction.
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Figure 3 - Three-dimensional speckle tracking for strain analysis. Example of the 3-dimensional area strain calculation, with a table displaying the values found in
each myocardial segment, in addition to the average representing the global value (red circle: 040.86%) and curves referring to each myocardial segment assessed.

can arise after aortic valve closure, reflects the deformation of
segments that contract after aortic valve closure and do not
contribute to ventricular ejection, which is often associated
with ischemic myocardial disease.®

As is the case with 2DST, an important limitation related
to 3DST is the variability of strain measurements obtained
between different software and device manufacturers,
with evidence of significant disagreements. Therefore, it is
suggested that the examination report include which device/
software the analysis was conducted on, in order to adapt
management and interpretation in assessments of evolution.
Furthermore, 3-dimensional strain values are also influenced
by age, sex, and hemodynamic conditions such as heart rate,
blood pressure, and situations associated with pre- and post-
load changes.™

Strain is calculated for each ventricular segment, and the
average of these values represents global strain, reflecting
global left ventricular function. Several studies have
demonstrated that the method has good reproducibility, and
the normal ranges for the main mechanical indices derived
from 3DST, considering the main software used, are well
established for clinical use (Table 1)."?It is worth highlighting
the importance of interpreting the results of 3DST analysis
considering the patient’s clinical context, individualizing on
a case-by-case basis.

The application of 3DST has been demonstrated in
different clinical scenarios, such as chemotherapy-induced
cardiotoxicity; ischemic cardiomyopathy; hypertensive
heart disease; heart failure with preserved ejection
fraction; prognosis and identification of acute rejection in
transplant patients; hypertrophic, dilated, and infiltrative
cardiomyopathies; valvular heart disease; and after
procedures such as percutaneous implantation of an aortic
valve prosthesis and percutaneous correction of mitral
insufficiency with MitraClip®."3-"?
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The analysis of left ventricular mechanics using 3DST
makes it possible to calculate 3-dimensional area strain.
This index represents a semi-automatic and relatively
new parameter, which has shown to be very promising
in different clinical conditions, in addition to presenting
excellent reproducibility, therefore making it consistent and
reliable.” Conceptually, it represents the fractional change
in myocardial surface area during systole and integrates the
assessment of circumferential and longitudinal fibers in the
endocardial and subendocardial layers.” In different clinical
contexts, especially those involving cellular oxidative stress
as one of the mechanisms of myocardial injury, such as
chemotherapy-induced cardiotoxicity, studies suggest that
altered 3-dimensional area strain is a more sensitive marker
of ventricular dysfunction and that it may represent very
early damage to cardiomyocytes, with a potential prognostic
impact in these scenarios."

Although numerous studies have demonstrated the
potential impact of 3-dimensional technology for analysis
of ventricular mechanics, larger, more robust studies with
greater scientific potential are necessary to establish the
routine use of 3DST in echocardiography laboratories.
Furthermore, technological advances with improved spatial
and temporal resolution and a standardized methodology
to obtain manufacturer-independent 3-dimensional strain
measurements are expected in the future for a broad
application of 3DST not only in research environments, but
also in specific clinical scenarios (Central lllustration).
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Figure 4 - Example of twist calculated by 3DST demonstrated by the curves and table displaying the values found in each myocardial segment.
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Figure 5 - Example of a polar map or bull’s eye for left ventricular longitudinal strain calculated by 3DST.
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Table 1 - Reference values (%) for left ventricular strain calculated by 3DST according to the leading manufacturers and software

Longitudinal —19,84 —19,40 —17,04 —19,67 —19,40 —17,04
strain (—21212-1848) (—20,06a —18,74) (—17.91a—16,17) (—21,27a—18,08) (—20,06a—18,74) (—17,91a —16,17)
Circumferential 23.30 —19,47 —28,79 —22,13 —19,47 —28,79
strain (28,33 a 18,26) (—20,49 a —18,45) (—32,90 a 24,78) (—26,73a —17,52) (—21,49 a —18,45) (—32,90 a 24,78)
Radial strain 55.99 50,41 33,17 59,24 50,41 33,17

(4473267,25) (47,962 -52,87) (24,38 a 41,97) (41,91 2 76,56) (47,962 52,87) (24,38 2 41,07)
Area strain —34,14 —32,50 —42,07 —33,54 —32,50 —43,07

(—37,21a—3107) (—33,87a—31,14) (—46,28a—39,86) (—37,29a—29,79) (—33,87 a —31,14) (—46,28 a —39,86)

95% confidence interval shown in parentheses. 3DWM: 3-dimensional wall motion.
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