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The strain and strain rate imaging paradox  
in echocardiography: overabundant literature  
in the last two decades but still uncertain clinical utility 
in an individual case

Gian Luigi Nicolosi

A b s t r a c t 

Almost two decades ago strain and strain rate imaging were proposed as 
a new, potentially more sensitive modality for quantifying both regional and 
global myocardial function. Until now, however, strain and strain rate imag-
ing have been slow to be incorporated into everyday clinical practice. More 
recently, two dimensional strain has been claimed as of greater clinical util-
ity, given that it is angle independent, with improved feasibility and repro-
ducibility as compared to tissue Doppler strain. Nevertheless, speckle track-
ing strain is reliant on 2D image quality and frame rates. Three dimensional 
speckle tracking could eliminate the problem of through-plane motion in-
herent in 2D imaging, but 3D strain is currently limited by low frame rates. 
Another limitation of strain imaging is that the results are dependent on 
the ultrasound machine on which analyses are performed, with variability in 
measurements between different vendors. Despite the diagnostic and prog-
nostic advantages of 2D strain, there is a lack of specific therapeutic inter-
ventions based on strain and a paucity of long-term large-scale randomized 
trial evidence on cardiovascular outcomes. After overabundant literature the 
same definition of normal cut-off values is controversial and not univocal. 
Further studies are needed, involving both manufacturers and medical pro-
fessionals, on the additive contribution, possibly different case by case, of 
interfering and artifactual factors, aside from myocardial function per se. 
These artifactual determinants and motion artifacts components could be 
dominant in individual cases and should always be taken into account in the 
clinical decision making process in a single case.

Key words: ventricular function, strain and strain rate echocardiography, 
global and regional function, non-invasive cardiac function by ultrasound.

Introduction

Almost two decades ago strain and strain rate imaging were proposed 
as a  new, potentially more sensitive modality for quantifying both re-
gional and global myocardial function [1]. After a decade, however, the 
clinical role of strain imaging in echocardiography was still considered 
as “emerging” [2]. In fact, despite significant promise, strain and strain 
rate imaging were reported as technically challenging, with a signal to 
noise ratio potentially affected by a wide range of factors [2]. As a result, 
strain and strain rate imaging have been very slow to be incorporated 
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into everyday clinical practice [2]. Despite the re-
ported diagnostic and prognostic advantages of 
strain values, there is also a lack of specific thera-
peutic interventions based on strain and a paucity 
of long-term large-scale randomized trial evidence 
on cardiovascular outcomes in different physio-
logical conditions and cardiac diseases, including 
acute and chronic coronary artery atherosclerotic 
diseases [3–28]. On the other hand, incorporation 
of 2D Global Longitudinal Strain (GLS) in routine 
patient evaluation and clinical decision making is 
reported to be imminent [3].

Strain and strain rate imaging

The left ventricle works by contraction and re-
laxation of muscular fibers organized in layers [3]. 
Left ventricular subendocardial and subepicardial 
fibers are arranged longitudinally, forming a  spi-
ral around the ventricle. Subepicardial fibers are 
oriented clockwise, subendocardial counterclock-
wise, while mid myocardial fibers are oriented in 
a circumferential manner [3]. The contraction and 
relaxation of these various groups of fibers results 
in a complex “deformation” of the LV myocardium 
in systole and diastole. Echocardiographic strain 
imaging can quantify this “deformation” by as-
sessing regional and global myocardial function 
through quantification of longitudinal, radial and 
circumferential contraction, and basal and api-
cal rotation, from which twisting and untwisting 
functions are calculated [3, 5, 9] (Figures 1 A, B).

Strain (e) is a dimensionless measure of tissue 
deformation calculated as, e = (L – L

0)/L0, where L is 
the final length and L

0 the original length. Strain is 

negative with shortening and positive with length-
ening. As the LV contracts, myocardial fibers short-
en in the longitudinal and circumferential plane 
(i.e. negative strain) and thicken or lengthen in the 
radial direction (positive strain). Strain rate (unit 
s–1) is the rate at which this deformation occurs, 
i.e. change in velocity between two points divided 
by distance between the points [3]. At first Dop-
pler derived strain values were obtained [3]. More 
recently two dimensional strain has been claimed 
as of greater clinical utility, given that it is angle 
independent and has improved feasibility and re-
producibility compared to tissue Doppler strain [3]. 
Nevertheless, speckle tracking strain is reliant on 
2D image quality and frame rates. Three dimen-
sional speckle tracking could eliminate the prob-
lem of through-plane motion inherent in 2D imag-
ing, but 3D strain is currently limited by low frame 
rates [3]. Results of strain imaging also depend on 
the ultrasound machine on which analyses are per-
formed, with variability in measurements between 
different vendors [4, 6–8, 10, 17, 19, 20, 29, 30]. 

Why is clinical utility of strain and strain rate 
imaging so widely suggested, but its clinical 
impact in a single case is still so uncertain?

One possibility is that intrinsic technical limita-
tions have been underestimated. A basic assump-
tion underlying 2D speckle tracking is that in-
plane displacements of tissue correspond to the 
displacements of local patterns in the gray scale 
distribution of a  2D echocardiographic clip [5]. 
However, it should be appreciated that this may 
not always be the case. For example, through-
plane displacement of a  tapering, helically struc-
tured or otherwise obliquely angulated form could 
be misinterpreted, both visually and by speckle 
tracking, as in-plane deformation or displacement 
in a 2D sequence of images [5] (Figure 1 B). This 
off-plane limitation issue is known to be more 
critical in short axis than in apical views. In fact, 
speckle tracking works in general better along the 
ultrasound beam than across beams. This is sup-
ported by the fact that in children GLS agreement 
between vendors was more robust (intraclass 
correlation coefficient = 0.88–0.9) than global cir-
cumferential strain (GCS) (ICC = 0.75–0.82), and 
this difference is exaggerated in specific subanal-
yses [6]. GLS at age < 3 years was generally as-
sociated with lower intervendor agreement (ICC = 
0.62–0.92 vs. 0.9–0.95 for > 3 years old). Interven-
dor agreement for GCS was also lower for patients 
< 3 years old (ICC, 0.67–0.94 vs. 0.78–0.86 for > 3 
years old), and additionally GCS agreement was 
lower in the HR > 100 BPM subgroup compared 
with patients with HR < 100 BPM (ICC, 0.54–0.91 
vs. 0.77–0.9, respectively). Both GLS and GCS 
agreements were lower in the EF > 55% subgroup 

Figure 1. A – Schematic representation of longi-
tudinal, radial and circumferential strain. Basal 
and apical rotation are also depicted, from which 
twisting and untwisting are calculated. Echocardio-
graphic apical and short axis imaging planes are 
represented in gray. B – While the imaging plane 
is maintained in a fixed position, the heart is mov-
ing through the plane during the cardiac cycle, due 
to contraction, relaxation, translational, rocking or 
swinging motion, or even dyssynchrony (LS – lon-
gitudinal strain, RS – radial strain, CS – circumfer-
ential strain, CBR – clockwise basal rotation, CCAR 
– counter clockwise apical rotation)
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[6]. Again, GCS appears to be a less robust measure 
than GLS even in the intrareader and interreader 
comparison [6–8]. Overall, the current LV twist 
data obtained during a  variety of physiological 
perturbations show marked interstudy heteroge-
neity, which may tempt some researchers to con-
clude that measuring LV twist may not be of value 
in the clinical setting. Indeed, the current lack of 
normative values for LV twist and the untwisting 
rate in relation to the prevailing hemodynamic 
load prevents these markers from being used rou-
tinely as clinical indicators [9]. Furthermore, due 
to the beam divergence with increasing depth 
in a  sector image, tracking across beams works 
better in regions close to the transducer than in 
the far field of the image [5]. Tracking quality may 
be suboptimal if regions of the myocardium are 
poorly visualized, if stationary image artifacts (re-
verberations) compromise speckle recognition or 
if spatial or temporal resolution of the image ac-
quisition is insufficient [5].

3D speckle tracking

When suspicion of artifacts due to through-
plane motion arises, 3D imaging could be used, 
if available, to avoid potential misinterpretation. 
The user should however take into account the 
fact that 3D speckle tracking has the same inter-
vendor variability limitations that affect 2D speck-
le tracking and has lower temporal and spatial 
resolution than 2D imaging [5, 10]. Three-dimen-
sional STE-derived measurements of myocardial 
deformation are highly dependent on the choice 
of both imaging equipment and analysis software, 
and the discordance levels are beyond the intrinsic 
measurement variability of any of the tested com-
binations of hardware and software [10–12]. It 
has also been reported that coronary tortuosity in 
apparently healthy individuals could affect strain 
parameters, but 3D derived LV GLS values showed 
only 81.3% specificity and a sensitivity as low as 
56.7% in the ability to detect the presence of cor-
onary tortuosity [13]. Nevertheless, the authors 
conclude that their results indicate that patients 
with coronary tortuosity may have subclinical LV 
longitudinal deformation abnormalities even if 
they are apparently healthy [13]. An even more 
complex 3D strain approach has been utilized for 
studying left atrial strain [14] and right ventricular 
strain [15]. For 3D left atrial strain the numerous 
parameters were mainly descriptive and difficult 
to implement in a clinical arena due to the great 
heterogeneity of the results [14]. In fact, there are 
too many strain parameters for which we do not 
know the real physiopathological meaning and 
which need further research [14].

For 3D right ventricular strain each value should 
be interpreted with caution while considering the 

loading condition of the patients [15]. For left 
ventricular dyssynchrony indices in three-dimen-
sional speckle-tracking echocardiography, sub-op-
timal image quality compromised the reliability 
of 3D-STE derived dyssynchrony indices but did 
not introduce systematic bias in healthy individ-
uals [16]. Even with optimal quality images, only 
3D-STE indices based on volume, circumferential 
strain and principal tangential strain showed ac-
ceptable test-retest reliability [16]. 

Even with 2D-STE, assessment of dyssynchrony 
parameters was vendor specific and not applica-
ble outside the context of the implemented plat-
form [17]. We also have to remember that unless 
properly addressed, the intervendor discordance 
combined with the relatively low reproducibili-
ty and uncertain clinical meaning and utility in 
a particular case may hinder future dissemination 
of 3D STE [10]. However, it has been suggested 
that this problem could be solved in the future by 
developing standardized methodology via collab-
orative intervendor efforts that would eventual-
ly result in clinically useful, vendor-independent 
measurements [10].

Intervendor variability

The local frame-by-frame tracking is based on 
the search of maximum likelihood between two 
local speckle patterns in two consecutive frames. 
All kinds of ultrasound noise reduce the tracking 
quality. Good image quality enhances the clarity 
of speckle patterns and improves accuracy and 
robustness of their detection. It is therefore im-
portant to note that the acquisition of standard-
ized image planes in optimized quality is essential 
for reducing inter- and intraobserver variability of 
tracking data [4, 5]. The most critical limitation in 
the tracking techniques is the temporal stability 
of tracking patterns [4, 5]. The ultrasound speck-
le patterns are generated by the interference of 
the ultrasound waves reflected from tissue struc-
tures. Speckle patterns are not stable temporally, 
not only due to through-plane motion, but also to 
physiological changes of living tissue structures 
and changes of interrogation angles between 
moving tissue and the ultrasonic beam [4, 5] 
(Figure 1 B). The accumulation of small random 
errors in the detection of speckle patterns along 
the tracking process can then lead to inaccurate 
tracking results [4, 5]. The general impression is 
that limitations have been declared, but no exten-
sive research on the factors which can influence 
and affect the calculation of strain parameters 
has been performed. Intervendor variability is sig-
nificant and difficult to be accepted by a clinician 
who has to deal with the clinical decision making 
in a single patient. From a physiological point of 
view it is also not so clear how we can explain 
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such different results obtained by different ma-
chines which are in any case measuring the same 
parameters in the same patients. Obviously differ-
ent software packages are proprietary for differ-
ent vendors and not accessible to check how they 
work. It is thus not so clear which assumptions 
are at the base of software calculations for each 
vendor.

Standardization of technology has been ex-
tensively searched [4, 5, 18–20], but only GLS has 
found wider clinical acceptance. In contrast to GLS, 
RV or LV segmental or regional longitudinal strain 
measurements, or circumferential or radial strain, 
have a higher variability on top of the known in-
tervendor bias [21–25]. Not only do the average 
strain values differ among vendors, but also the 
measurement variability is different [23, 26]. This 
leads to dramatic differences in the lower limits of 
normality for different companies [27]. Normal val-
ues for GLS depend on the definition of the mea-
surement position in the myocardium, the vendor, 
and the version of the analysis software, resulting 
in considerable heterogeneity in the published lit-
erature [27]. Lang et al. reached a  consensus, in 
the writing committee of the American Society 
of Echocardiography and the European Associa-
tion of Cardiovascular Imaging, that differences 
among vendors and software packages are still 
too large to recommend universal normal values 
and lower limits of normal [27]. This could also 
be partly explained by regional nonuniformity of 
even the normal adult left ventricle [28]. Another 
difference among vendors is how their software is 
layer specific (i.e. subendocardium, mid wall and 
subepicardium) and how this can affect the be-
havior of speckle tracking, also taking into account 
that physiological interpretation of different layer 
specific results are not always so consistent and 
clinically meaningful [6, 29–31]. Aside from all this 
technology advancement it is interesting to find 
that an M-mode index based on mitral annular 
plane systolic excursion (MAPSE) is a reproducible 
and reliable measurement which can be used as 
a potential index in place of GLS at least in the crit-
ically ill population [32] and in aortic stenosis [33].

The definition of normal values

Another difficulty may derive from the defini-
tion of normal values and how this can interfere 
with the ability to detect subtle left ventricular 
systolic dysfunction. Normal GLS for most echo-
cardiographic systems is reported between –18% 
and –25% in healthy individuals, variation which 
in part may be explained by inter-software and 
intervendor variability [34]. Technically, good re-
cordings can be achieved along any axis, but inter-
pretation of radial and circumferential strains are 
complicated by substantial transmural non-uni-

formity in the normal left ventricle [34]. Different 
cut-off GLS values to separate abnormality are 
suggested in different diseases and different re-
ported series [34]. In a meta-analysis of LV strain 
the narrowest confidence intervals were for GLS 
and global circumferential strain, but individual 
studies have shown a broad range of strain in ap-
parently normal subjects [35]. Variations between 
different normal ranges seem to be associated 
with differences in systolic blood pressure, em-
phasizing that this should also be considered in 
the interpretation of strain [35].

For cardiotoxicity during chemotherapy a rela-
tive decrease in GLS > 15% compared with base-
line is reported to be likely of clinical significance 
[34, 36]. However, although strain imaging may 
detect sub-clinical myocardial changes in this 
setting, the value of these changes in predicting 
clinical outcome is still unknown [34]. A combina-
tion of strain imaging with ultrasensitive troponin 
has been proposed [34]. It is also recommended 
to measure GLS in addition to LVEF, which will be 
helpful in cases when LVEF is in the lower normal 
range and it is difficult to conclude about systolic 
function [34]. In such cases, the finding of sub-
normal strain should result in closer monitoring of 
cardiac function. Not all sub-clinical reduction in 
LV function may progress to significant dysfunc-
tion or heart failure, and there is need for studies 
which can help to define criteria for clinically rel-
evant changes in strain [34]. Furthermore, it has 
also been stated that there is no evidence that 
changes in strain should prompt changes in oncol-
ogy treatment at this time [36]. Studies are often 
retrospective and increasing cumulative anthracy-
cline dose during cancer treatment correlates with 
subclinical cardiac dysfunction in childhood can-
cer survivors, but with wide dispersion of individu-
al data [37]. Most recently EF alone has been used 
in a contemporary paper on cardiotoxicity [38]. 

It is thus very difficult to understand what it 
means to search for subtle changes in left ven-
tricular function and early dysfunction when the 
normality range is reported between –18% and 
–25% in healthy individuals [34]. The normative 
values of LV GLS vary according to gender, age, 
and system used to acquire and analyze the data. 
As such, current recommendations do not pro-
vide universal normal values and lower limits of 
normal but, as guidance, the expected value of 
LV GLS in a healthy individual is around –20% [3, 
27, 39, 40]. Therefore, any value of LV GLS less 
negative than –20% could be considered patho-
logical [39]. Women show slightly more negative 
(better) LV GLS compared with men, and it has 
been shown that LV GLS decreases (becomes 
less negative) with age [3, 39, 40]. In such a scale 
range of normality between –18% and –25% [34] 
subtle changes can only be considered at most 



The strain and strain rate imaging paradox in echocardiography: overabundant literature in the last two decades but still uncertain clinical 
utility in an individual case

Arch Med Sci Atheroscler Dis 2020 e301

as a  flag to induce a  more strict follow-up. It is 
in fact really very difficult to define the physio-
logical meaning of a single absolute GLS value in 
this range. Furthermore, any subtle change of GLS 
value between successive tests is also very diffi-
cult to interpret in a  single case and cannot be 
directly and clinically trusted if not accompanied 
by a concordant change of a different parameter 
of known physiological behavior and meaning, for 
example EF. For EF the range of scale is wider, up 
to 65%, with the possibility to evaluate a  more 
gradual decrease and the ability to identify even 
the mid-range of EF [41]. From the clinical point of 
view minor changes in EF can then be managed 
more easily. The amplitude of scale of GLS and EF 
differs by a factor of around 2.8. In fact, any 1% 
change for a  GLS value is a  5% relative change 
if we take a –20% GLS value for normality, while 
a 1% change for EF corresponds to a 1.8% relative 
change if we take a 55% EF cut-off value for nor-
mality. On the other hand, when changes of GLS 
are larger between successive examinations the 
interpretation is uncertain and it is very difficult to 
proceed to an operative clinical decision making 
process if not supported by concordant different 
physiopathological changes, due to the variety of 
possible factors interfering with GLS values. At the 
end it is not so clear what LV strain parameters 
can add in clinical practice, and to EF, when a de-
cision has to be made in a single patient, due also 
to the great heterogeneity of the reported results 
and the wide overlap of standard deviation of GLS 
values when comparing different populations or 
subgroups [39, 42–49]. The management of valve 
disease relies to a large extent on the assessment 
of cardiac function. LVEF is considered to be an 
essential measurement, even though it is both 
preload- and afterload-dependent [50, 51]. The 
same accounts, however, for strain, as myocardi-
al deformation depends on contractile properties 
of the myocardial fibers (“contractility”), but also 
on their loading conditions (pre- and after-load), 
chamber geometry, dyssynchrony, and segment 
interactions [50, 51]. Therefore, abnormally low 
strain values are not necessarily a  sign of myo-
cardial dysfunction, while normal values do not 
automatically exclude diseases [50, 51].

Why is the literature so overabundant in 
suggesting positive results, but no in depth 
research has been dedicated to limiting or 
conditioning factors?

In the last two decades many papers have been 
published suggesting the potential positive role of 
strain parameters, but conclusive contributions 
to their actual clinical role in the decision making 
process in a single patient are still lacking. Poten-
tial limitations are always reported and declared, 

but without adequate research on limiting or con-
ditioning factors. Some intellectual conflict of in-
terest and bias against negative result papers can 
play a role in this issue, since after so many “posi-
tive” reports it is progressively more difficult to de-
fine and accept limitations, which can potentially 
fundamentally modify our general perception and 
clinical acceptance of strain parameters. 

Sengelov et al. [52] recently reported that GLS is 
an independent predictor of all-cause mortality in 
heart failure with reduced ejection fraction (HFrEF) 
patients, especially in male patients without atri-
al fibrillation. They also concluded that GLS was 
a superior prognosticator compared with all other 
echocardiographic parameters. When we look at 
the results of the study, mean GLS% in the group 
of 888 alive patients was –9.9 ±3.2% vs. –8.1 ±3.0 
in the group of 177 dead patients at the median 
follow-up of 40 months [53]. In multivariable anal-
ysis the hazard ratio was 1.15 (1.04–1.27) with 
a p-value of 0.008 [52]. With such a wide overlap 
of GLS values between the two groups and a 15% 
mean prognostic superiority (range from 4% to 
27%) at the population level it is very difficult to 
understand what the utility of a single GLS value 
could be when you have to made a clinical deci-
sion for a single patient at a single time window. 
In the Editorial Comment to this paper Lumens 
et al. [53] suggest that the preload dependence 
of systolic fiber strain may be the physiological 
mechanism behind the observation that the rela-
tionship between GLS and mortality is less strong 
in patients with atrial fibrillation compared with 
patients without this arrhythmia. The Editorial 
Comment concludes, however, that GLS has the 
potential to become an important diagnostic met-
ric of global LV systolic function [53]. Great hetero-
geneity of the results and a wide overlap of strain 
values when comparing different populations or 
subgroups have also been shown in a variety of 
clinical situations [39, 42–49] and in systemic hy-
pertension [14, 54–57].

In the published literature minor and subtle 
changes of strain parameters have always been 
immediately and directly interpreted as subtle 
changes in left ventricular function and early dys-
function, without taking into account the possibil-
ity of interfering concurrent factors which could 
become more or less relevant in determining and 
explaining the results in specific conditions and in 
single cases. This could be the case for example for 
athletes, where a great heterogeneity of results is 
reported, difficult to interpret from the physiologi-
cal point of view [58–60]. We do not know in fact, 
in this setting, how much the remodeling and dila-
tation of heart chambers, due to training and type 
of sport activity, could modify in a single case the 
through-plane displacement motion of the myo-
cardial walls due to the changing position charac-
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teristics of the heart inside the chest during the 
cardiac cycle and respiration, independently from 
major changes in cardiac mechanics (Figure 1 B). 
Other controversial situations are represented by 
the different modifications of chest shape due to 
scoliosis, pectus excavatum, pectus carinatum, 
flat chest with straight back, flat or doming shape 
of the diaphragm, and so on. All these situations 
can modify the position and the complexity of mo-
tion of the heart inside the chest (and then also 
the orientation of the insonication beam) in a sin-
gle case. Even the dimension and shape of cardiac 
chambers can be altered by compression of the 
chest wall, modifying motion and displacement of 
the heart, leading to dyssynchrony [61–63]. How 
much the strain results in these settings could 
be related then to motion artifacts and through-
plane displacement motion of myocardial walls, 
and not necessarily to changes in cardiac mechan-
ics, is open to debate. This is also supported by the 
minimal difference in absolute terms as compared 
to controls with a wide overlap of standard devi-
ations. According to this hypothesis, Sonaglioni  
et al. have recently shown the existence of 
a  strong linear correlation between strain alter-
ations and progressively worse chest deformity 
in normal subjects with pectus excavatum; such 
correlation was absent in controls with normal 
chest shape [64]. This could suggest intraventricu-
lar dyssynchrony, rather than intrinsic myocardial 
dysfunction [64].

How could we make a plan trying to solve 
the clinical paradox of strain parameters?

It is time for a wide and open minded general 
discussion between manufacturers and medical 
professionals trying to first clarify why we are at 
this point with strain parameters. This could be 
achieved through organized institutional stan-
dardization cardiovascular imaging task forces 
which could and should plan and implement new 
unbiased research, where also industry has to 
contribute. This could make it possible to com-
pare different speckle tracking software, both for 
2D and 3D, and validate them by phantom and 
appropriately designed experimental models and 
situations, able to differentiate how much of each 
tracking system is really measuring cardiac me-
chanics or instead, totally or partially, could be in 
relation with the complexity of total heart motion 
and through-plane displacement of the myocardi-
al wall in different disease specific situations and 
within different chest conformations. The inter-
vendor stability of tracking software of the region 
of Interest for each identified myocardial segment 
under study should also be explored. Thickness 
of myocardial walls and shape and remodeling of 
cardiac chambers could also influence the speck-

le tracking sampling system and insonication di-
rection independently of cardiac mechanics. This 
should also be searched, trying to further stan-
dardize different clinical situations and under-
stand and separate pathophysiology and cardiac 
mechanics from artifactual or external changes. 

Until now, research on strain parameters has 
been concentrated mostly on descriptive physio-
logical interpretations of more and more post-pro-
cessing parameters at the population level. There 
is now a strong need to demonstrate clinical util-
ity of strain values in a single patient, both in the 
diagnostic and in the prognostic field. To reach 
this goal, prospective randomized clinical regis-
try trials, both single center (single vendor) and 
multicenter (multivendor), should also be imple-
mented using strain parameters to stratify at each 
Institution all-comer consecutive patients with 
different diseases, before applying specific ther-
apeutic interventions. Each registry could have 
a different disease or different physiopathological 
and demographic baseline clinical characteristics 
as inclusion criteria. The primary outcome of each 
prospective registry could be the ability of strain 
parameters to predict pre-defined clinical events 
and to modify clinical management strategies. Ac-
curate blind follow-up statistical analysis on the 
results could give many relevant answers to all 
our present questions on strain clinical predictive 
value in a single case. This type of research could 
also help to find, if possible, definite and univocal 
cut-off values for each specific clinical condition, 
to clearly differentiate normal from abnormal re-
sults. Another expected result should be a docu-
mented linear proportionality between decreasing 
strain values (less negative values) and the se-
verity of decreased cardiac function. Subclinical 
cardiac dysfunction could then be clearly identi-
fied in a single patient when strain values are just 
immediately below a univocally accepted normal 
cut-off value (less negative than the cut-off). The 
prognostic implication of subtle individual chang-
es below normal and/or possible recovery of nor-
mality could also be determined and assessed in 
the daily practice of the clinical decision making 
process in a single patient.

Conclusions

In a  survey of the European Association of 
Cardiovascular Imaging (EACVI) on 96 European 
Echocardiography Laboratories from 22 different 
countries, 96% of centers used LV global longitu-
dinal strain (GLS) derived from STE to measure LV 
function, but this was reserved for selected cases 
including patients on chemotherapy or those with 
cardiomyopathy, valvular heart disease, or heart 
failure with preserved EF [65]. Of interest, when 
GLS was measured, 65% of the centers used the 
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reference value of –18%, whilst the remainder used 
–20%. Several centers highlighted the limitation of 
variation in GLS measurements between different 
vendors [65]. After two decades of wide clinical ap-
plication we could then accept that strain technol-
ogy is measuring in fact cardiac function, but final 
absolute values of strain in a  single case can be 
determined by the additive contribution, possibly 
different case by case, of interfering and artifac-
tual factors, only one of which can be attributed 
to vendor characteristics of each machine. This 
can clarify the still uncertain clinical utility in a sin-
gle case and support the urgent need of further 
research, involving both manufacturers and med-
ical professionals, on the limiting, interfering and 
conditioning factors of strain parameters in differ-
ent specific clinical situations and conditions. It is 
also important to open the mind to the possibility 
that strain results in a single case could derive not 
necessarily and uniquely from changes in cardiac 
mechanics, but possibly, at least in part, from arti-
factual and/or external chest shape determinants 
and total heart motion components, which could 
be dominant in individual cases and should always 
be taken into account.
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