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Abstract

Objective: To report the current status of speckle tracking
techniques in evaluation of fetal myocardial deformation.
Methods: A variety of non-Doppler ultrasound methods are
available using offline analysis of standard four-chamber
and short axis views of the heart. Results: Most reports have
used techniques developed for the measurement of strain
and strain rate in the adult heart and produced conflicting
descriptions of gestational changes in strain. Myocardial ve-
locities usually reflect mean modal velocities and are lower
than the peak velocities obtained using Doppler techniques.
Conclusions: In the fetus, most current methods of acquisi-
tion result in frame rates that are too low, and the fetal heart
size is too small to achieve reliable measures of fetal myocar-

dial deformation. Copyright © 2012 S. Karger AG, Basel

Introduction

A variety of investigative techniques have been used
to assess fetal myocardial function; myocardial veloci-
ties [1-3] and strain and strain rate [4] have been mea-
sured using tissue Doppler, while the use of color tissue
Doppler has been evaluated in the fetus [5, 6]. Recent
reports describe the use of non-Doppler technology, i.e.
2D speckle tracking, in the measurement of myocardial
deformation indices [7-16]. How could this latest mo-
dality be useful in understanding fetal heart function?
Evaluation of fetal myocardial performance using 2D
speckle tracking requires no additional imaging, in con-
trast to Doppler-based techniques, and uses routinely
acquired 2D images which are suitable for post-process-
ing and offline analysis [17]. This angle-independent
method can measure strain and strain rate and has the
potential to record complex fetal myocardial function
such as torsion or twist. Provided their acquisition is
readily available in clinical practice and accurately re-
flects fetal physiology and pathophysiology, it may pro-
vide new insights into fetal myocardial function in
health and disease states.
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Fig. 1. Optimal orientation of the fetal heart with the apex upper-
most and the septum tilted slightly laterally to ensure that the true
apex is included and to enable feature recognition of the AV valve.

Strain and Strain Rate

Strain is a measure of tissue deformation in response
to an applied force [18] and may be described as a percent-
age of the original dimension with the speed of deforma-
tion as strain rate [19-21]. A one-dimensional object (a
line) can either increase or decrease its length when a
force is applied. Strain () =L - L,/L,, where Land L, cor-
respond to the final and initial lengths, respectively. Neg-
ative strain values describe shortening (usually in systo-
le), and positive ones describe lengthening (usually in di-
astole) relative to the initial dimension. Instantaneous
strain refers to the instantaneous observed deformation
L(t) relative either to the initial length (t,) (Lagrangian
strain) or to a previous length observed at an infinitesi-
mal time interval during the deformation process (natu-
ral strain); the sum of all instantaneous strains compris-
es the total strain [12] (fig. 3). To measure myocardial de-
formation, both the initial and the final dimensions of the
cardiac segment or free wall, as well as the time interval
during which this deformation takes place, must be ac-
curately measured. The difference in the distance of
tracked myocardium between the initial and final frames
(or between subsequent frames) corresponds to the de-
gree of deformation or strain of the myocardial segment.
The strain rate is derived from this by dividing the strain
by the time interval between the corresponding frames.
However, heart deformation is complex and encompasses
longitudinal, radial, and circumferential strain [22, 23].
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Principles of Speckle Tracking

Two imaging approaches have been used to measure
myocardial deformation. The original echocardiograph-
ic technique was based on the estimation of instanta-
neous myocardial velocity differences or gradients along
a myocardial segment, similar to Doppler. Using this ap-
proach, the strain rate is measured first and the strain is
derived from the time integral [19, 21, 23, 24]. However,
although the temporal resolution of Doppler-based echo-
cardiographic techniques is excellent, angle dependency
limits their utility (particularly in the fetus). Thus, the
second approach uses 2D tracking techniques similar to
myocardial tagging in MRI [25]. These non-Doppler op-
tical methods use speckle tracking and are referred to
variably as: multi-scale motion mapping, automatic func-
tional imaging, or velocity vector imaging (VVI) [23].
They permit quantification of myocardial deformation
using frame-by-frame tracking of bright myocardial ar-
eas — temporarily stable acoustic markers (kernels) re-
sulting from constructive and deconstructive interfaces
of ultrasound beams created from structures shorter
than their wavelengths [23]. These natural acoustic mark-
ers can be identified in two-dimensional echocardio-
graphic images and tracked from frame to frame to pro-
vide velocity and displacement data. Speckle tracking has
the potential to use easily acquired digital data from rou-
tine echocardiograms and store the vectors and absolute
velocities in a spreadsheet to allow assessment of complex
heart motion (fig. 1). It can assess alterations in rigid
myocardial motion (such as translation and rotation) and
deformation indices: myocardial thickening and thin-
ning, shear stress cardiac torsion [26-28] including apical
twisting (incorporating axial shortening) [29], radial mo-
tion, and local thickening. Because it allows beat-to-beat
analysis, it may enable functional analysis during periods
of arrhythmia [30, 31].

Validation of Different Speckle Tracking Techniques

Different tracking algorithms are used by various ul-
trasound systems, sometimes combining speckle track-
ing techniques with pattern (or feature) recognition al-
gorithms based on common forms of adult left ventricu-
lar shape and motion. A list of speckle tracking software
and providers is presented in table 1, and preliminary
reports comparing the performance of different com-
mercial speckle tracking software in adults have shown
similar performance [32]. Echocardiographic (2D)
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Fig. 2. Fetal ECG gating may be achieved
using a dummy signal to permit export of
the original DICOM frame rate to the soft-
ware for offline analysis.
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Table 1. Web links to commercially available echocardiography speckle tracking software

Siemens syngo Velocity Vector Imaging

http://www.medical.siemens.com/siemens/ko_KR/gg us_FBAs/files/misc_downloads/

Whitepaper_Jackson.pdf

GE 2D Strain
Brochure.pdf

http://www.vivid7ultrasound.com/pdf/vivid7ultrasound.com/Vivid_7_2D_Strain_

Philips QLAB-Cardiac Motion/Mechanics
Quantification and 3DQ Advanced

http://www.healthcare.philips.com/in_en/products/ultrasound/technologies/QLAB/
cardiac/cardiac_3DQA_glab.wpd

Aloka 2D Tissue Tracking (2D TT)

http://www.aloka-europe.com/entity288.aspx

Toshiba 2D3D Wall Motion Tracking

http://www.medical.toshiba.com/downloads/WP-3DWMT-Gorissen-Online.pdf

speckle tracking techniques have been validated using
sonomicrometry [23, 33] in phantoms [20, 23, 29, 34] and
animal models [33, 35, 36] and against MRI [27, 33, 37,
38] and tissue Doppler strain measurements in adult
subjects [38].

Practical Guidelines in Performing Speckle Tracking

Most speckle tracking techniques are semi-automat-
ed, but the user is responsible for drawing the tracking
line defining the endocardial border of the ventricle from
the four-chamber or short axis view, placing it along the
endocardial border, apex, and atrioventricular valve (AV)
annulus in a single frame of a stored heart cycle. The soft-
ware then automatically tracks the border between the
cavity and the endocardium in subsequent frames. The
user can adjust the tracking line or reject inappropriately
tracked segments from further analysis. As fetal clips are
not ECG gated, an alternative method must be used to al-

Fetal Myocardial Speckle Tracking

low appropriate timing and to ensure that all frames can
be used by the software (fig. 2). One such method is
‘acoustic capture’. It can be used in the fetus where there
is no ECG to transfer high frame rates. This is available
on Siemens machines and is performed from cine review,
not during real-time imaging. In the absence of an ECG,
the cardiac cycle is determined from mechanical move-
ments, usually the mitral valve movement or anatomic
M-mode - the latter concomitantly superimposed on the
2D image to detect systole and diastole [14, 15]. Depend-
ing on the sonographic view selected, the software di-
vides the tracking line into corresponding myocardial
segments and provides either global (average values for
the whole tracking line) or segmental strain. Common
measurable parameters include displacement, strain, and
strain rate (fig. 3, 4a). Depending on the software used,
additional parameters can be measured, including a
graphic display of myocardial velocity vectors and their
projections on a user-defined virtual axis (usually aligned
along the ventricular septum in four-chamber views) or
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Fig. 3. The displacement of the lateral and septal basal, mid-ven-
tricular, and apical points of the left ventricular endocardial
tracking line, relative to a user-defined reference point (yellow
target placed on the heart apex) (left), allows VVIsoftware to gen-
erate and graphically display the velocity (y-axis)-time (x-axis)
profile for each point (right). Only high frame rate image acquisi-
tion permits the detection of both early and late diastolic velocity
components (e and a waves, the two negative peaks of the velocity
curves).

an estimation of radial strain displayed on a bull’s-eye
view, color-coded, 17-segment diagram showing graphic
and numeric displays of segment asynchrony.

Controversies and Potential Limitations of Speckle
Tracking in the Fetus

Important challenges in makingan accurate function-
al assessment of the fetal heart include its small size, high
heart rate, variable orientation of the fetus relative to the
ultrasound beam, fetal motion, the distance of the ultra-
sound probe from the fetal heart, and, at times, increased
ultrasound absorption due to maternal adiposity. Thus,
although much has been written about the positive con-
tribution that the angle independency of newer tech-
niques may make, it cannot compensate for all of the po-
tential difficulties associated with scanning the fetal
heart. Fetal myocardial strain has been measured inva-
sively in animal models [36], but no comparable studies
are available in the human. Reports using speckle track-
ing confirm the previous Doppler-based observations
that myocardial velocities increase with gestation, but

42 Fetal Diagn Ther 2012;32:39-46

controversy remains regarding gestational changes in

myocardial strain. Some report a gestational decrease in

strain in both ventricles [12], others only in the right ven-
tricle [7, 16], and others report no change in strain at all

(4, 8, 9, 11]. Whether these differences represent differ-

ences in study design and power or reflect the inconstant

performance of different speckle tracking algorithms in
the fetus remains to be decided.

Successful application of speckle tracking techniques
developed for use in the adult heart requires careful con-
sideration in the fetus. As all speckle tracking techniques
are based on offline analysis of cine loops, the perfor-
mance of the method largely reflects the quality of the
available images. Studies report on average an 85% suc-
cess rate in unselected populations of pregnant women [8,
9, 12, 14], rising to 98% if image quality case selection
such as a low maternal BMI is applied [16]. Table 2 lists
the characteristics and contribution to the literature of
the fetal studies published in the English language to
date.

Listed are some potential pitfalls:

(1) Optimal imaging: storing specific presets is recom-
mended to obtain optimal contrast between the ven-
tricular cavity and endocardium, using harmonic im-
aging when necessary and minimizing endocardial
border dropout and ensuring good contrast in the area
of AV insertion (particularly when feature recognition
software is used). Scanning planes should avoid acous-
tic shadowing over the fetal heart, and a slightly angled
four-chamber view provides optimal contrast [16].
Scanning perpendicular to the ventricular septum can
result in poor VVI tracking of AV and underestima-
tion of both basal and global deformation measure-
ments [14].

(2) Chamber foreshortening: we recommended using the
routine four-chamber view from a transverse cut of
the fetal thorax. Serial studies of speckle tracking are
best performed using the same acquisition plane, as a
four-chamber view obtained in a superior or inferior
plane, or with lateral angulation, may result in a false
appreciation of ventricular size. If the cardiac apex is
omitted in foreshortened images, increased mobility
of the false apex against the heart base results in over-
estimation of strain.

(3) Maternal-fetal movements: almost all speckle tracking
algorithms use some form of pattern recognition that
anticipates the heart will return to its initial position
following a complete cardiac cycle. If this is not the
case, due to fetal movement or maternal respiration,
tracking will be inaccurate. Several video loops (on-
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Fig. 4. a Software calculates natural strain
by placing points at very short distances
along the free walls of the fetal heart and
calculating point strain. b Point strain
shows marked segmental variation and the
values are summed to provide an average
point, or natural strain.
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line suppl. videos 1-4; for all online suppl. material,
see www.karger.com/doi/10.1159/000330378) record-
ed during maternal breath holding are recommended
to optimize the recordings.

(4) Frame rate: imaging at the highest possible frame rate

is essential as low frame rates can result in tracking
failure and, most importantly, underestimation of
time-dependent variables such as velocities and strain
rate. At least 60-110 frames per second are recom-
mended when imaging the adult heart [13, 39, 40], and
even higher rates are desirable to provide enough
frames per heart beat in the fetus [12]. The frame rate
is optimized by using the narrowest possible ultra-
sound field and avoiding multiple focal zones during

44

Fetal Diagn Ther 2012;32:39-46

Strain Longitudinal (Endo)

Pk (%) TPk ms
4.8954 5

1 base left(")
nid left -11.

3.4497
5.5798
Maximum Opposing Wall Delay: 99

6 apex right
Average

image acquisition. However, failure to realize that the
analysis may not be performed at the original high
frame rate is an important pitfall. In the absence of fe-
tal ECG gating, some ultrasound machines only allow
data transfer at standard video rates of 25-30 frames
per second (online suppl. videos 1-4) (depending on
the country). This is unacceptably low for speckle
tracking analysis, as it corresponds to only 10 frames
per fetal cardiac cycle on average [12]. To interpret
their data appropriately, it is important that users
know the frame rate available for speckle tracking
analysis of their stored images. Use of a dummy ECG
signal permits transfer of images at the original
DICOM rate (fig. 2). Manufacturers have developed
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modifications such as acoustic capture to enable cap-
ture of all frame rates for analysis [16].

(5)Optimal offline image analysis: although speckle

tracking techniques are computer based, they are not
user independent. The user must place or modify the
tracking lines. A reasonable learning curve is essential
before introducing the technique into clinical or re-
search studies, and intra- and interobserver variability
should always be reported.

(6)Should strain be reported from software derived val-

>

>

>3

>4

»s5

»6

ues or from original coordinates? Speckle tracking
software produces a wide range of segmental and glob-
al parameters displayed in graphic form that have been
reported in many studies, sometimes without due con-
sideration of the underlying technical constraints of
the method in the fetal heart [9-11, 14-16]. VVTI soft-
ware provides strain and strain values based on in-
stantaneous velocity gradients of adjacent myocardial
segments (natural strain). However, the major limita-
tion of this automated method is spatial resolution; it
is recommended that measurements of strain not be
made if adjacent segments are less than 2-5 mm apart
[19], which is usually the case with points placed auto-
matically by the software in the fetal heart (fig. 4b).
However, several systems store the original tracking

coordinates that can be used to manually estimate the
entire free wall or Lagrangian strain which may more
accurately reflect function in the small fetal heart [12].
Some studies report global rather than segmental val-
ues which may be more representative of heart func-
tion in the fetus for two reasons: firstly, segmental dys-
function is less likely compared to the adult with coro-
nary artery disease, and secondly strain measured in
longer myocardial distances is more likely to reflect
true values than point (natural) strain in studies re-
porting segmental values.

Conclusions

The feasibility of myocardial speckle tracking has al-
ready been proven in the fetus. It offers the unique poten-
tial of performing complex measurements of myocardial
function offline, based on routinely obtained echocar-
diographic images, and could be developed as a useful
clinical tool to study the impact of congenital heart dis-
ease on fetal myocardial function. However, it is impor-
tant to understand the basic principles of strain and the
resulting limitations of each approach before adopting it
into routine clinical practice.
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