
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2018;8(1):101-117cdt.amegroups.com

Review Article
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Abstract: Three-dimensional (3D) speckle-tracking echocardiography (3DSTE) is an advanced imaging 
technique designed for left ventricular (LV) myocardial deformation analysis based on 3D data sets. 3DSTE 
has the potential to overcome some of the intrinsic limitations of two-dimensional STE (2DSTE) in the 
assessment of complex LV myocardial mechanics, offering additional deformation parameters (such as area 
strain) and a comprehensive quantitation of LV geometry and function from a single 3D acquisition. Albeit 
being a relatively young technique still undergoing technological developments, several experimental studies 
and clinical investigations have already demonstrated the reliability and feasibility of 3DSTE, as well as 
several advantages of 3DSTE over 2DSTE. This technique has provided new insights into LV mechanics 
in several clinical fields, such as the objective assessment of global and regional LV function in ischemic 
and non-ischemic heart diseases, the evaluation of LV mechanical dyssynchrony, as well as the detection 
of subclinical cardiac dysfunction in cardiovascular conditions at risk of progression to overt heart failure. 
However, 3DSTE generally requires patient’s breathhold and regular rhythm for enabling an ECG-gated 
multi-beat 3D acquisition. In addition, the measurements, normal limits and cut-off values pertaining to 
3D strain parameters are currently vendor-specific and highly dependent on the 3D ultrasound equipment 
used. Technological advances with improvement in spatial and temporal resolution and a standardized 
methodology for obtaining vendor-independent 3D strain measurements are expected in the future for a 
widespread application of 3DSTE in both clinical and research arenas. The purpose of this review is to 
summarize currently available data on 3DSTE methodology (feasibility, accuracy and reproducibility), 
strengths and weaknesses with respect to 2DSTE, as well as the main clinical applications and future research 
priorities of this emerging technology. 
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Introduction

Over the past years, deformation imaging using two-
dimensional speckle-tracking echocardiography (2DSTE) 
has emerged as a powerful technique for myocardial 
function quantification. Evidence supporting the role 
of 2DSTE-derived strain in daily clinical practice has 
quickly accumulated in a number of clinical scenarios (1-6). 
Moreover, efforts to establish reference values for 2D strain 
parameters have been increasingly done (7,8), allowing to 
establish robust abnormality thresholds and to incorporate 
them in recent guidelines (9). 

However, because the left ventricular (LV) myofibers 
have a complex spatial orientation (10,11) and contract 
simultaneously in different directions, the LV mechanics 
is in nature a 3D phenomenon and its accurate assessment 
requires a 3D imaging method. In recent years, three-
dimensional  speckle-tracking (3DSTE) has  been 
implemented for measuring 3D strain, and has emerged 
as a more physiologically sound tool for analyzing the 
complexity of LV mechanics, overcoming the inherent 
limitations of 2DSTE. Due to the superiority provided 
by the addition of the third dimension for myocardial 
deformation analysis (e.g., no through-plane motion of 
speckles, ability of tracking the speckles in two directions 
simultaneously for area strain quantification, etc.), 3DSTE 
has the potential to become the gold-standard technique 
for assessing LV systolic function by echocardiography in 
the near future. The present review aims to summarize 
the technical principles of 3DSTE, its advantages and 
limitations with respect to 2DSTE, and provide a 
framework for clinical applications and future research on 
this promising technology.

The road from 2D to 3D strain—an ongoing 
journey

2DSTE is based on the presence of distinctive patterns of 
gray scale values within the ultrasound images of myocardial 
tissue, commonly referred to as “speckles”. Speckles within 
a spatial unit (kernel) are arranged in distinct patterns which 
depend on the acoustic characteristics of the underlying 
myocardial tissue and are unique for each kernel within 
the ultrasound image (12), serving as a “fingerprint” that 
can be tracked frame-by-frame during the cardiac cycle by 
the 2DSTE software algorithm (1,13). 2DSTE relies on 
the assumption that speckles are moving within the scan 
plane of the 2D image in the consecutive frames of the 

cardiac cycle. However, since LV deformation involves a 
combination of apex-to-base shortening and thickening 
with simultaneous twisting (10,11), speckles have a complex 
motion in the 3D space, and thus are subject to through-
plane motion from the scan planes of the 2D tomographic 
images during the cardiac cycle. 

Recent developments of  ultrasound transducer 
technology have allowed the possibility of 3D imaging 
of the LV almost real-time with satisfactory image and 
temporal resolution, thus making 3D strain measurement 
feasible for both research and potential future clinical 
purposes (14). The analysis sequence of the 3D data set 
begins with the automatic generation of a region of interest 
(ROI) from an endocardial and an epicardial mesh (used 
also for 3D LV volume and mass computation), followed by 
the automated segmentation of the LV into a 17-segment 
model. Each ROI contains cubes with specific 3D patterns 
of natural acoustic markers that are matched and searched 
through the cardiac cycle by the 3DSTE algorithm, a 
process called “block matching” (Figure 1). The 3DSTE 
algorithm calculates the quality of each match and identifies 
any outliers, removing them before performing the 
weighted spatial averaging of the results. Next, the results 
are mapped to an average myocardial mesh, so that the 
shape of the mesh model of the LV can be updated for all 
frames. Finally, quantitative results of LV deformation are 
derived from this mesh model (15) (Figure 1). 

Because the blocks are tracked in a 3D volume, they can 
be followed in any direction and out-of-plane motion of 
the speckles does not occur with 3DSTE. Furthermore, 
3DSTE is a time saving technique, as it allows the 
calculation of all 3D strain parameters of the LV from a 
single volumetric data set and avoids errors caused by heart 
rate variability that may occur when multiple acquisitions 
are needed as with 2DSTE (16,17). Table 1 summarizes the 
main differences between 3D and 2D STE.

Fundamentals on LV myocardial fibers and 3D 
mechanics 

Knowledge of the anatomical structure and 3D mechanics 
of the LV myocardium is key to understand and interpret 
3D strain in clinical practice. Briefly, LV myocardial fibers 
are oriented in a right-handed helix in the subendocardium 
and a left-handed helix in the subepicardium, with 
circumferential fibers lying between the two. This complex 
anatomical structure of the myocardium explains the 
various patterns of myocardial deformation. According 
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Figure 1 Principle of 3D speckle-tracking strain measurement. (A) shows a 3D full volume of the left ventricle, in which a 17-segment ROI 
has been generated from the endocardial and epicardial meshes; (B) shows the principle of “block-matching”, in which specific 3D patterns 
of natural acoustic markers are tracked from end-diastole (blue cube) to end-systole (red cube). 

A B

to a simplified model of myocardial mechanics, during 
systole the LV shortens (longitudinal and circumferential 
dimension) and twists along its long axis, while its 
wall thickens (radial dimension). Strain is a measure of 
myocardial deformation of a segment in relation to its 
original dimension and it is expressed as a percentage. 
Thus, negative strain refers to the decrease in length (e.g., 
shortening-longitudinal and circumferential deformation), 
and positive strain to the increase in length (e.g., 
thickening-radial deformation) compared to initial length 
(Figure 2). Strain-rate is a measure of the rate (velocity) at 
which myocardial deformation occurs and it is expressed 
in seconds-1. Furthermore, the LV is characterized also by 
twist mechanics. Since mechanical activation occurs first in 
the right-handed helix, the base and apex rotate first in an 
anticlockwise direction during isovolumic contraction (19),  
followed by further anti-clockwise movement of the apex 
during ejection phase and clockwise rotation of the base 
due to the activation of the subepicardial left-handed 
helix (10,11). During isovolumic relaxation, the cardiac 
apex untwists by a clockwise rotation, generating active 
intraventricular suction forces that promote LV rapid 
filling (20). LV twist mechanics can be quantified using 

rotation, twist and torsion. Rotation refers to the angle 
of deformation measured on a short-axis LV plane and is 
expressed in degrees. Positive values represent anticlockwise 
rotation (as viewed from the apex), while negative values 
are used for clockwise rotation. Twist refers to the absolute 
difference of rotation between base and apex, and torsion 
is calculated by dividing LV twist by the length of the LV 
to allow comparability of LV twist in ventricles of different 
sizes.

Using 2DSTE, all these deformation parameters of 
the LV can be quantified, however one needs to acquire 
multiple views of the LV from different approaches, at 
different times with no precise landmarks for ensuring their 
proper position and orientation. Therefore, the use of 3D 
strain is desirable, as it can avoid all these limitations in a 
more time-efficient manner (15).

Using 3DSTE analysis, area strain, a novel deformation 
parameter can be quantified that reflects the relative area 
change that combines the effect of both longitudinal 
and circumferential shortening. Since myocardium is 
uncompressible and according to the law of conservation 
of volume, thickening in the radial direction is necessary 
to accommodate this change. Area strain is thus inversely 
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Table 1 Comparison between 2D and 3D speckle-tracking analysis of LV myocardial strain by vendor-specific software (EchoPAC, GE 
Healthcare) [adapted from (18)]

Characteristics 3D strain 2D strain

Acquisition One apical 3D full volume Three parasternal and three apical 2D views

Heart rate Regular (6-beat LV full volume) Regular (consecutive 2D LV planes)

Feasibility in sinus rhythm Good Very good

Reliance on good image quality Yes (++) Yes (+)

Temporal resolution* 34–50 volumes/s 40–80 frames/s

Parameters All strains (longitudinal, radial, circumferential) All strains (longitudinal, radial, circumferential)

Two-directional (area) strain† Yes No

Bull’s-eye map‡ Dynamic Static

Calculation of global strain Simultaneous segmental values§ Non simultaneous segmental peaks§

Radial strain Calculated from area strain (by the law of volume 
conservation)

Measured

Out-of-plane motion of speckles No Yes

Positive peak rule|| No Yes

Drift compensation¶ No Yes

Definition of end-systole Time of LV minimal volume Time of aortic valve closure

*, a higher range is advisable in tachycardia to avoid undersampling (40% of the heart rate); †, reflects a combination of longitudinal 
and circumferential strain; ‡, bull’s-eye maps of 2D longitudinal strain display one snapshot with peak values of segmental strain; bull’s-
eye maps of 3D strain parameters display simultaneous segmental strain values continuously throughout the cardiac cycle; §, with 2D 
longitudinal strain bull’s-eye, peak segmental values are displayed irrespective of their reciprocal timing during systole; with 3D strain 
bull’s-eye, simultaneous segmental strain values are displayed in each frame; ||, in the bull’s-eye display, positive strain is displayed during 
systole for a certain segment only if the positive peak strain exceeds 75% of the peak negative strain value in the same segment; ¶, all 
segmental strain curves are “forced” by the software to return to baseline at end-diastole. ECG, electrocardiogram.

Figure 2 3D strain parameters of the left ventricle in a healthy subject. From a single end-systolic ROI (A), longitudinal, circumferential and 
area strain (negative—red color) and radial strain (positive—blue color) are simultaneously obtained (B); in the left bottom corner of each 
bull’s eye map, the global value is displayed for each strain parameter (G, global).

A B
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related to radial strain and is used to derive its value in 
commercially available systems. Area strain is calculated by 
measuring the segmental area at end diastole (Aed) and at 
end systole (Aes) using the formula Aes-Aed/Aed ×100 and 
thus normally has negative values. Since it results from the 
combination of longitudinal and circumferential strain, it 
can be regarded as an integrative parameter of deformation 
(21,22) making it attractive to study LV subclinical 
dysfunction. The commercially available echocardiographic 
equipments provide different software solutions, definitions 
and nomenclature for the analysis integrating myocardial 
deformation in multiple directions, emphasizing the current 
need for standardization in this area.

Validation 

Validation of any strain imaging method and its application 
into clinical setting requires a complex process made of 
four steps: validation on synthetic data sets, in vitro and  
in vivo experiments, and finally a validation step into clinical 
practice.

Synthetic ultrasound images can be simulated using 
specific software packages. From this point of view, block 
matching-based (14) and elastic registration-based (23,24) 
3DSTE approaches have been shown to perform well in 
these simulated models. These approaches provide reliable 
deformation curves throughout the cardiac cycle in the 
longitudinal, circumferential, and radial direction. 

3DSTE algorithms have been validated also with 
phantoms and sonomicrometry in several animal models 
(21,25-27). Moderate to good correlations (r=0.49–0.91) 
with sonomicrometry data have been found for segmental 
strain components at baseline, during pharmacological 
stress, and with induction of myocardial ischemia by 
coronary artery occlusion in animal models (26). Among 
the different components of myocardial deformation, the 
radial strain showed the worst correlation and agreement 
with sonomicrometry for all the tested approaches. In 
order to overcome this shortcoming, a solution provided 
by some vendors was to compute radial strain from other 
strain components or from the endocardial surface area 
strain, which is more reliably measured. Area strain was 
also validated in similar experimental studies (21), and its 
measurement by 3DSTE was found to strongly correlate 
with that by sonomicrometry (r=0.87). 

Image artifacts, often encountered in clinical practice, 
are usually absent in simulated models. Given the high 
susceptibility of 3DSTE to image quality issues, its 

application to real life patients can be challenging. When 
analyzing clinical validation studies one should keep in 
mind that there is no true gold standard method to measure 
myocardial deformation and comparisons can only be done 
with one of the currently established methods to assess LV 
myocardial function [e.g., tissue-Doppler imaging, 2DSTE, 
cardiac magnetic resonance (CMR) tagging and feature 
tracking]. These comparisons show the comparability 
of strain values among different imaging modalities and 
techniques, rather than indicating if one method is more 
accurate than the other (28). In clinical studies, 3D and 2D 
global longitudinal strain have shown close correlations 
(r=0.72–0.91), however segmental strain values have only 
shown moderate correlations (r=0.43–0.49) for longitudinal 
and circumferential values and low for radial strain  
(r=0.24) (16,29,30). 3D global circumferential strain has also 
shown good correlation with CMR tagging (31) and CMR 
feature tracking (32). However, it should be emphasized 
that strain values among various imaging methods are not 
interchangeable.

Reproducibility 

Along with accuracy determined by comparisons with 
an independent reference technique, reproducibility 
represented by the variability of measurements repeated 
by the same operator (intraobserver variability), different 
operators (interobserver variability), and also by using 
different equipment and analysis techniques (intervendor 
variability), is an important factor in determining the 
clinical relevance and reliability of any diagnostic 
technique (33). 

Reproducibility of 3DSTE has been reported as 
acceptable to excellent in several studies (34). Intraobserver 
variability ranges from 1% to 13%, while interobserver 
variability ranges from 2% to 14%. As with 2DSTE, 
variability of 3D radial strain values is higher than for 3D 
longitudinal or circumferential strain, and is also higher for 
segmental versus global strain values. Area strain, unique 
to 3DSTE, appears to have the best reproducibility among 
all 3D strain parameters (16). Compared to 2DSTE, 
the reproducibility of 3DSTE is equivalent or superior, 
particularly for radial and circumferential strain (16). 

Three sources of temporal (test-retest) variability for 
3D strain values should be taken into account: acquisition, 
post processing, and the hemodynamic status of the patient 
(e.g., blood pressure). The issue of the temporal resolution 
of LV data set is very important for the clinical application 
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of 3DSTE, since temporal resolution is independently and 
inversely related with 3D strain magnitude (18). However, 
the most important aspect is probably to achieve the 
optimal trade-off between temporal and spatial resolution, 
since higher frame rates may lead to some compromise in 
spatial resolution because of the sacrifice in line density. 
This finding has important practical implications, since 
in addition to the specific equipment used for measuring 
the LV deformation, also the data set temporal resolution 
from which the 3D strain data is extracted must be taken 
into account when comparing sequential 3D strain 
measurements in longitudinal studies.

The biggest concern regarding the reproducibility 
of 3DSTE is related to vendor dependency. Since post-
processing steps can differ among vendors, 3DSTE-derived 
strain parameters currently exhibit a wide variation in the 
measured values of 3D strain. Consequently, it remains 
difficult to compare strain values among several commercial 
systems, as shown by different studies (33,35,36). Reference 
values for each vendor and software should be used, and in 
longitudinal studies all clinicians should obtain the baseline 
and follow-up acquisitions and analyses from the same 
hardware and software equipment. 

Feasibility

The accuracy of 3DSTE largely depends on optimal 
image quality, with sufficient frame rate, which requires 
a sufficient amount of dedicated training and skill. These 
basic technical requirements may dramatically limit the 
number of patients in whom 3DSTE is feasible in clinical 
practice (28). 

Currently, the feasibility of 3DSTE in everyday practice 
is lower than the feasibility of 2DSTE. After excluding 
patients with irregular rhythm and unable to breathhold, 
the reported feasibility of 3DSTE in different studies ranges 
from 63% to 83% (16,29), being lower than for 2DSTE 
(80–97%) (37,38). Recently, we reported a feasibility of 
3DGLS of 90% in a large cohort of healthy subjects (18), 
which was lower than the feasibility of 2DGLS (95%). As 
reported in other studies (23,30,39), LV basal segments are 
the most difficult to track by the 3DSTE software, because 
of their active excursion and their position in the far field, 
which adversely affects the spatial resolution of speckles. 

Normal values

Despite a growing interest for 3DSTE and an increasing 

number of studies on pathologic conditions, reference values 
had only been assessed in small studies and solid normative 
data was lacking until recently, precluding its widespread 
use in clinical practice (17,18,34,40,41). Normative values 
of 2D strain cannot be used to interpret 3D strain results, 
as the results of 2DSTE and 3DSTE measurements differ 
considerably among them. This discrepancy has been 
attributed to the use of different algorithms in software 
packages for 2DSTE and 3DSTE, and the fact that 3D 
strain takes into account the complex 3D cardiac motion 
and twisting of the LV during systole (18,34,41,42), making 
it necessary to define method-specific reference values for 
LV strain measurements.

Recently, reference values for 3D strain parameters have 
been reported in four studies (18,40,41,43). Suggested 
reference values and the main characteristics of the study 
are summarized in Table 2. 

It is worth noting that all normative studies report 
age and gender relationships of LV 3D strain. In general, 
women were found to have higher strain magnitudes than 
men, except for 3D circumferential strain, and young having 
higher magnitudes of 3D longitudinal strain than elderly 
groups (18,40,41). Age-related variations of 3D strain have 
also been recently confirmed in the pediatric population in 
a large group of normal children (44).

Among all 3D strain components, 3D radial strain shows 
the widest reference ranges, with the largest absolute values 
and with inhomogeneity across segments. The difficulty 
in estimating radial strain, as previously explained, is not 
unique to 3DSTE (45), and is likely related to the fact 
that radial strain must be calculated over a relatively small 
region due to the limited wall thickness, in combination 
with limited spatial resolution in the radial direction. 

Reference values differ among studies due to the use of 
different scanners and software algorithms to compute 3D 
strain. This aspect confirms the suboptimal intervendor 
agreement for strain measurement and the resulting need 
of development of specific reference values of the strain 
components for each ultrasound system (35). 

Clinical applications

According to the most recent literature, 3DSTE popularity 
is increasing and research studies continue to explore its 
clinical added value over conventional 2DSTE. In the 
following section, the current evidence supporting potential 
clinical applications of 3DSTE will be summarized, yet it is 
likely that they will continue to expand as more research is 
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carried out. 

Coronary artery disease

Assessment of regional wall motion continues to be an issue 
in the clinical setting, as a considerable amount of training 
is needed and interreader differences continue to exist in 
spite of good image quality (46). Area strain derived by 
3DSTE, as an objective measure of regional wall motion 
abnormalities (WMA), has been shown to be accurate and 
reproducible when compared with the visual wall motion 
assessment by experienced echocardiographers (47).  
However,  despite a good agreement between area 
strain values and expert wall motion score evaluation to 
discriminate normal and akinetic segments, there was a 
substantially lower agreement for hypokinetic segments, as 
expected. This fact may be attributable to the subjectivity 
in wall motion score evaluation or to the possibility 
that 3D area strain is a more sensitive index of regional 
ischemia than regional WMA (47). Because 3D area strain 
quantification is semi-automated, more objective and 
reproducible, and requires less training, it emerges as an 
attractive tool to identify regional WMA in patients with 
suspected or known coronary artery disease.

While LV ejection fraction (LVEF) is well known as 
an important prognostic factor in patients who survive a 
myocardial infarction (MI), myocardial strain, assessed by 
STE, has been found to further improve prognostic risk 
stratification (4). Recent data has shown that both 2DSTE 
and 3DSTE can be helpful in predicting LV remodeling and 
in stratifying risk after acute MI (48-50). The evaluation of 
3D global longitudinal strain enabled to identify patients 
with massive MI size (>12% of the LV mass) by single photon 
emission computed tomography (SPECT) (51). This concept 
is further supported by comparisons with late gadolinium 
enhancement CMR, in which 3D global longitudinal strain 
and area strain have been found to closely correlate with 
infarct size (29,49) (Figure 3). 3D area strain has been found 
to be independently associated with increased risk of death 
or heart failure after acute MI, suggesting that it can be a 
useful prognostic parameter in this setting (48). 3D area 
strain was also the most accurate among the various 3D strain 
parameters for predicting myocardial viability identified by 
SPECT/PET imaging (52). 

Valvular heart disease 

3DSTE-derived strain may be useful to refine the T
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assessment of cardiac performance, which is of outmost 
importance in patients with valvular heart disease, as the 
detection of subclinical LV myocardial dysfunction may aid 
in deciding the timing of surgical or interventional treatment. 
However, only a few published studies limited to left-sided 
valve diseases have reported on the added value of 3DSTE.

Aortic valve diseases

In aortic stenosis (AS), survival drops significantly after 
symptom onset (53). Thus, 2D longitudinal strain has 
been proposed as an early marker of LV dysfunction in 
asymptomatic patients with severe AS, in order to optimize 
the timing of intervention in these patients. LV strain 
parameters measured by 3DSTE, particularly global 
longitudinal strain (54), were shown to be useful indices of 
early-stage LV myocardial dysfunction in patients with AS. 
Recently, Nagata et al. studied 104 asymptomatic patients 
with severe AS and preserved LVEF, and reported that LV 
global longitudinal strain using either 2DSTE or 3DSTE was 
associated with increased risk of adverse events. However, 
after correcting for mean gradient and LV mass index at 
multivariable analysis, 3D longitudinal strain was found to be 
the only independent predictor of future adverse events, with 
an optimal cut-off value of −14.5% (55) (Figure 4). 

In asymptomatic patients with moderate-severe aortic 

regurgitation, it was found that 3D global circumferential 
strain compensates for the reduction in 3D longitudinal 
strain for preserving the LVEF (56).

Further supporting the clinical use of 3DSTE, 3D strain 
was reported to be an independent predictor of acute and 
long-term clinical outcomes after cardiac surgery (57). 
3DSTE was feasible, reproducible and time saving for 
assessing LV systolic function in patients before and after 
transcatheter aortic valve implantation (58).

Mitral valve diseases

In severe chronic mitral regurgitation (MR), guidelines 
recommend intervening on symptomatic patients or when 
LVEF drops (59,60). However, in patients with severe 
MR and LVEF still within normal range, subclinical 
LV dysfunction may go unrecognized (61,62). It was 
demonstrated that 2DSTE-derived LV global longitudinal 
strain may be useful to identify a maladaptive preload-
related change associated with the risk for a substantial 
reduction in LVEF immediately following mitral valve 
repair (6,63,64). At present, few studies (62,65,66) have 
looked at the role of 3DSTE in patients with MR. In 
patients with MR with preserved LVEF, 3D area strain was 
shown to be an independent predictor of early symptoms 
or LV dysfunction (62). Preliminary results in patients with 

Figure 3 3D strain parameters from a patient with recent ST-elevation MI, showing reduced strain values in the apical segments (A); in 
close correspondence with the segments with transmural distribution of late gadolinium enhancement at CMR (B).

A
B



109Cardiovascular Diagnosis and Therapy, Vol 8, No 1 February 2018

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2018;8(1):101-117cdt.amegroups.com

Figure 4 3D speckle-tracking analysis in a patient with severe AS and preserved LVEF (A), revealing a markedly impaired longitudinal 
deformation (B). Global 3D longitudinal strain measured by 3DSTE is −9% (lower limit of normality is −15%).

A B

functional MR undergoing MitraClip procedure showed 
that 3DSTE could predict an unfavorable outcome and 
persistence of symptoms after the procedure (66).

Cardiac resynchronization therapy (CRT)

Despite the discouraging results of the PROSPECT 
trial (67), interest has built in the use of advanced 
echocardiographic imaging to select patients that would 
benefit from CRT. The systolic dyssynchrony index 
(SDI) derived from segmental 3D volume curves of all 
16/17 segments of the LV was shown to be useful for this 
purpose (68). 3DSTE offers the advantage to directly 
assess and quantify myocardial deformation in individual 
LV segments, rather than the segmental volume changes 
provided by 3D echocardiography. By building 3DSTE 
time-strain curves of the 16/17 LV segments, quantitative 
information on both the timing and the magnitude of peak 
segmental strain can be obtained, which may improve 
prediction of response to CRT (69-71). The sites of 
latest mechanical activation of LV can also be identified, 
suggesting that 3DSTE might be useful to guide lead 
positioning in CRT patients (70).

Other emerging clinical applications

Due to the currently limited data on the role of 3DSTE in 

other clinical scenarios, 3D strain constitutes an attractive 
topic for ongoing research. In the following section, 
additional cardiac diseases will be addressed with the 
emerging evidence supporting a role for 3DSTE.

Hypertrophic cardiomyopathy

3DSTE has provided insights into LV mechanics, showing 
evidence of increased twist, preserved circumferential and 
decreased longitudinal strain in the setting of hypertrophic 
cardiomyopathy (72,73). Due to its ability to estimate 
separately LV 3D strain in different directions in a practical 
and clinically-feasible manner, 3DSTE could allow the 
early detection of myocardial function impairment, 
before a reduction in LVEF occurs. 3DSTE could help to 
differentiate between early hypertrophic cardiomyopathy 
and adaptative changes due to athletic training (Figure 5). 
Furthermore, as both hypertrophic cardiomyopathy and 
amyloidosis may present with increased LV wall thickness 
by conventional echocardiography, 3D strain might be 
used to identify characteristic strain patters to support 
in the differential diagnosis (Figure 6) (74). Since 3D 
echocardiography allows to avoid foreshortening of LV 
apex, 3D strain can also be useful to confirm the apical form 
of hypertrophic cardiomyopathy, by showing a decreased 
magnitude of myocardial deformation in the apical 
segments (Figure 7).
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Figure 5 3D speckle-tracking analysis of area strain in three subjects: an athlete having normal area strain values (left); a HCM-mutation 
career having mildly reduced global area strain values (middle); a HCM patient with marked reduction in global area strain due to impaired 
deformation of hypertrophied septal and apical segments. HCM, hypertrophic cardiomyopathy.

Cancer-related cardiac toxicity

Regarding the early detection and prediction of the 
development of cancer therapy-related cardiac dysfunction, 
a clear superiority of 3DSTE over 2DSTE has not yet been 
yet established. 3DSTE avoids the errors derived from the 
use of multiple 2D apical images of the LV to compute global 
longitudinal strain. Moreover, the clinical implementation 
of 3DSTE would allow to save time, since both LVEF and 
all strain components can be obtained from a single data 
set of the LV. Preliminary results have shown that 3DSTE 
is superior to both biomarkers and LVEF in predicting the 
development of cardiac toxicity, however further outcome 
studies are needed (75). 

In cancer patients, feasibility of 3DSTE has been 
shown to be lower (66–78%), which might be related to 
the challenging acoustic windows due to chest radiation, 
mastectomy and breast prosthesis surgery (76).

Right ventricular (RV) function assessment

The quantitative analysis of RV function using conventional 
parameters and 2DSTE has been increasingly recognized to 
hold prognostic importance in a number of cardiac diseases 

(77-81). However, 2D methods are limited in their ability 
to quantify the RV function due to the complex anatomy 
of this chamber. Therefore, 2DSTE analysis is routinely 
applied on RV inflow to quantify the RV longitudinal 
strain only. The volumetric acquisition inherent to 3D 
echocardiography may allow to assess the RV volume and 
the true global RV systolic function independent of any 
geometric assumptions, as well as to evaluate the importance 
of radial/transversal mechanics or area strain for the overall 
RV performance. RV strain using 3DSTE has been shown 
to be feasible (82). Results from a single study support the 
prognostic usefulness of 3DSTE of the RV (using a vendor-
specific software designed for the LV) to predict mortality 
among patients with pulmonary hypertension, although 
the superiority of 3DSTE over 2DSTE has not yet been  
proved (83). Recently, a software specifically designed for 
the assessment of RV 3DSTE has been validated (84). 
Future research is strongly needed to explore the potential 
benefits of using 3DSTE for RV functional analysis.

Limitations

Despite being around for more than 7 years, 3DSTE is still 
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Figure 6 Characteristic LV impairment in amyloidosis, with diffuse symmetric hypertrophy (A), preserved ejection fraction, low stroke-
volume, marked impairment of longitudinal strain predominately in basal and mid segments (“apical sparing” pattern) and relatively 
preserved circumferential strain (B).

A

B

a research tool and not yet fully validated for clinical use. In 
addition, several limitations have not allowed its wide use in 
daily clinical practice. 

A major disadvantage of 3DSTE is its reliance on good 
acoustic window and quality data sets, and on patient 
cooperation for breathholding, limiting its feasibility in 
a significant proportion of routine patients. The use of 
3DSTE also requires an adequate temporal resolution 
to ensure the presence of recognizable natural acoustic 
markers. It has been shown that the optimal frame rate 
for 3DSTE is between 35–50 vps, and that 3D strain 

analysis performed at frame rates below 18 vps would 
lead to significant underestimation of strain magnitude 
(30,76,85). Thus, 3DSTE requires the use of multi-beat 
3D acquisitions of the LV, limiting its use in patients with 
irregular rhythms. The current temporal resolution of 3D 
multi-beat data sets is insufficient to enable the evaluation 
of LV diastolic function. Recent advancements in 3D 
technology enable a single-beat full volume acquisition in 
real-time with satisfactory frame rate without stitching, 
making it easier to analyze patients with arrhythmias or 
unable to breathhold. However, the high frame rate single-
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Figure 7 Apical hypertrophic cardiomyopathy shown by 3D rendering (A), with the typical symmetric deep negative T-waves at ECG (B), 
in which 3D speckle-tracking analysis confirms the regional impairment of 3D longitudinal strain in the hypertrophied apical segments (C,D). 
ECG, electrocardiogram.

A

C

B

D

beat capability often comes at the expense of a lower spatial 
resolution of 3D images than achievable by the routine 
multi-beat stitched 3D full-volume and is currently offered 
by a single vendor.

Other limitations pertain to individual 3DSTE software 
solutions commercially available and include: (I) the 
impossibility to manually re-adjust the ROI position after 
tracking, for optimizing the strain assessment in LV basal 
segments; (II) no automatic validation of speckle-tracking 
quality; (III) no option to exclude the poorly tracked 
segments from the computation of global strain values by the 
operator; (IV) no clear discrimination between poor tracking 
quality and poor function in abnormal segments, etc.

The large variability of strain measurements, algorithms 
and definitions used, and normative values among vendors 
is a major barrier against a more widespread use of 3DSTE. 
The EACVI/ASE/Industry Task Force to standardize 

deformation imaging (86) will continue its efforts by 
addressing the 3DSTE, and this will allow to solve the 
inconsistencies in definition and the variability of 3D strain 
measurements among the different commercially-available 
3DSTE software algorithms. Finally, it is mandatory that 
educational initiatives should include practical courses 
focusing on 3D acquisition and 3DSTE analysis and 
interpretation, for a more uniform application of 3DSTE 
for clinical and research purposes.

Future research directions 

The ultimate goal of implementing 3D strain in large-
scale clinical studies is to assess its incremental prognostic 
value for predicting mortality and adverse events, and for 
arrhythmic risk stratification in comparison with LVEF and 
2D longitudinal strain.
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One of the greatest advantages of 3DSTE is that, after 
the semi-automatic definition of the ROI, the software 
is capable to derive simultaneously all strain components 
together with accurate measurements of LV geometry and 
displacement from the same 3D mesh (volume, mass, global 
and regional shape, regional wall thickness, mechanical 
dyssynchrony, etc.). This unique feature could enable 
to identify characteristic echocardiographic patterns for 
various conditions sharing similar phenotypes (athlete’s 
heart versus hypertrophic cardiomyopathy; hypertensive 
heart disease versus amyloidosis; apical hypertrophic 
cardiomyopathy versus other apical pathologies; ischemic 
regional wall hypokinesia versus non-ischemic abnormal 
regional motion, etc.) (Figures 5,7) based on complex multi-
parametric computations from 3D volumetric data of the 
LV (“big data”).

Moreover, 3DSTE will allow to clarify the clinical added 
value of assessing strain in multiple directions rather than 
rely mainly on LV longitudinal function, as currently done 
with 2D strain. Emerging fields such as integration of 3D 
myocardial mechanics with blood flow patterns would 
supplement the imaging assessment of cardiac function in 
heart failure patients.

Finally, the development of commercially-available 
3DSTE algorithms dedicated for the RV (84) would allow 
to obtain a true global measure of RV systolic performance, 
with less temporal variability and load-dependency than 
ejection fraction.

Conclusions

3DSTE is an advanced imaging technique for estimating 
myocardial deformation that holds significant promise 
to improve the accuracy and the reproducibility of LV 
function analysis by echocardiography, as well as to 
reduce the subjectivity in the visual interpretation of 
regional wall motion. However, further clinical testing and 
robust evidence with this technique are needed in order 
to optimize its clinical use and to identify its benefits in 
comparison with the established methods. The upcoming 
EACVI/ASE initiative for intervendor standardization 
focusing on 3D strain will allow to improve the current 
variability of 3D strain measurements among the different 
commercially-available 3DSTE software algorithms.
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