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Introduction 

Contemporarily, global longitudinal strain (GLS) automatically 
derived by STE is the most extensively researched all over the world 
[1]. After critical evaluation of the enormity of data on GLS, the 
American Society of Echocardiography recommended a GLS value 
of > 20 + 2% to be normal [2]. 3D STE requires a single apical 

acquisition, translating into lessened acquisition duration and an 
opportune moment to estimate the entire strain components from a 
solitary cardiac cycle [3]. Conversely, in view of inferior quality of 
temporal and spatial resolution of 3D STE, its tracking quality is 

adversely affected. Intermittently, multi-beat acquisition may 
produce a stitching artifact between  sub-volumes, which may result 
in imprecise speckle tracking analysis [4, 5]. XStrain 4D is a 
pioneering technology which amalgamates Tomtec GMBH’s 3D/4D 

portrayal and BeutelTM computing competencies [6]. Consecutively, 
this unique tool blends  the speckle tracking data obtained from 
apical 3CH, 4CH and 2CH views and eventually renders an 
exhaustive picture of cardiac function (Figure 1). This tool 
depending on superior quality of 2D spatial and temporal resolution 
addresses the various constraints of full volume 3D STE (7-11).  

Abstract: 

Currently, because of its phenomenal ability to non-invasively assess the left ventricular (LV) systolic function, 
2Dimensional speckle tracking echocardiography (STE) is being increasingly embraced in numerous echocardiographic 
laboratories, multinationally. 2Dimensional STE is most sought-after method to evaluate LV strain, rotation, twist and 

torsion. Two-dimensional (2D), three-dimensional (3D) and 4Dimensional (4D) deformation estimation by STE is 
intrinsically accompanied with certain limitations. For better appraisal of LV contractile properties recently introduced 
updated version of 4D XStrain STE has been employed to analyse the various complex multidimensional LV mechanics. 
This novel technology is a trustworthy, economical and a simplistic tool for estimation of regional and global myocardial 
function. Furthermore, 4D XStrain STE can accurately quantify the 4D LV ejection-fraction, LV volumes and sphericity 
index (SI). However, this noteworthy technology has not been extensively implemented and its assessment is still limited 
to research applications dominantly. Hence, we aimed to familiarize this innovative technology by comprehensively 
addressing its technique, advantages and limitations, with intent that it may serve a more meaningful purpose in the current 

volatile scenario of cardio-vascular disease.  
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Fig 1: 4Dimensional XStrain speckle tracking echocardiography A), 3D remodelling after sequential structural arrangement; 

B), Epicardial Bull’s eye deformation values; C), Endocardial Bull’s eye in a 17 segment model ; D), Graphs  of trend over 

time of longitudinal deformation values. 

 

There are considerable differences in strain measurements between 
2D and 3D speckle tracking echocardiography (Figure 2). JASE 
consensus declaration testimonial [13] recognised that limitation of 

analysis of rapid events of Isovolumic contraction and relaxation was 
as a consequence of slower frame rates of 3DSTE in comparison to 
2D STE.

 

Features 3D deformation 2D deformation 

Acquisition Solitary apical view Numerous apical and parasternal views 

Heart rhythm requisite  Regular Regular 

Feasibility Acceptable Superior 

Dependence upon excellent 

image resolution 

Yes (++) Yes (+) 

Temporal resolution 34-50 volumes/sec 40-75 frames/sec 

Parameters Entire deformation parameters (longitudinal, 
radial, circumferential) 

Entire deformation parameters 
(longitudinal, radial, circumferential) 

Area deformation parameter Evaluated Cannot be evaluated 

Mapping of Bull's-eye dynamic Fixed 

Global strain calculation Concomitant Non concomitant 

Radial strain calculation Estimated from area strain Calculated directly 

Speckles motion Any direction Out-of-plane 

Positive peak principle Absent Present 

Demarcation of end-systole Minimal volume of LV Closure of aortic valve 

 
Fig 2:  Comparative features of 2Dimensional and 3Dimensional deformation of LV - (modification of table 1, Muraru et al) 

[6]. 
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Single plane 3D echocardiography imaging is achieved by the 
fragmentation of the 3D STE, by tracking the 3D successive volumes 
within the region of interest by 3D template matching algorithm. 
Nevertheless, the resultant 3D resolution is of ordinary quality 
compared to 2D imaging  [6]. Image quality being a decisive factor 
for temporal and spatial resolution, consequently 3D STE is 
adversely affected in defining the endocardial and epicardial 
boundaries. Conversely, XStrainTM 4D, devoid of these limitations 
represents a dependable, ingenious and operator friendly tool for 

estimation of global and regional myocardial deformation.  

The present document comprehensively narrates the systematic 
approach to technique, clinical applications, advantages and 
limitations of this outstanding procedure. 

4Dimensional Xstrain speckle Tracking 

Echocardiography 

Technique  

The echocardiographic evaluation is performed by a qualified and 
skilled operator and the procedure necessitates acquisition of images 
using a harmonic variable frequency (1-5 Mhz) electronic single 
crystal array transducer with patient lying in the left lateral decubitus 
position [6, 14]. The technique requires a systematized approach for 
obtaining excellent information of variety of variables of LV 

deformation, rotation and EF etc. 

ECG Gating 

Since ECG gating is a salient feature of STE, thus pristine quality of 
ECG signal is necessary. Efforts should be made to acquire all 
images at a nearly similar heart rates. 

Image Acquisition 

2D digital cine loops are acquired with a frame rate of 40-75 
frames/sec along with simultaneous ECG gating from apical 3CH, 
4CH and 2CH views. A minimum of three cine loops are acquired. 

An endocardial frame with a clearly outlined endocardial and 
epicardial border is selected. The border is demarcated by 13 
equidistant tracking point (Figure 3) which automatically aligns over 
tracking points, under the supervision of a border segmentation tool-
AHS, Aided Heart Segmentation. 

The LV wall of each apical view was automatically divided into 6 
segments and tracked throughout the cardiac cycle. The tracking 
quality was optically assessed and it was considered appropriate if 

the movements of tracking points tagged along the endocardial 
border throughout the entire cardiac cycle. When required manual 
adjustment of tracking points was performed. The cardiac cycles 
with decent tracking quality and absence of arrhythmia are selected 
for off-line analysis

. 

 

 

                                      (Fig3: A)                                                                             (Fig3: B) 

Fig 3: A) Diagramatic illustration of 4D XStrain STE border mapping by inserting 13 equidistant points on the endocardium 
of the LV cavity; B), The similar procedure being followed in one of our study subjects. 

 

Offline Analysis  

2D STE analysis is implemented off-line by the same operator, 
employing XStrain-4DTM (Esaote, Italy) software package, which is 

a dedicated border tracking application [14]. The principal purpose 
of XStrain-4DTM is to amalgamate and systematically refine the 
information gathered from three 2D apical views. After 3D 
reformation, the XStrain-4D software furnishes values of 
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multitudinal segmental, regional and global deformation and 
rotational parameter [14]. Moreover, the “Beutel model” method 
(Tomtech, Germany) of X4D-EF [15-17], quantifies the 4D LV 
volumes, EF, CO and sphericity index in diastole and systole. Finally 
LV bull’s eye plot is portrayed in a 17-segment model [14]. Graphics 

and curves of the estimated  parameters are displayed and numerous 

strain, strain rate, displacement and velocity indices are elucidated 
from the endocardial regions of myocardium (Figure 4-6). LV global 
and regional mean values of deformation of endocardial of variables 
are mentioned as displacement (mm), velocity (mm/sec) strain (%) 
and strain rate (1/sec).  

 

a) 

 

b) 

 

 

c) 

 

d) 

 

 

e) 

 

f) 

 

 

Fig:4 a) Apical 3CH GLS analysis, b) Apical 4CH GLS analysis, c) Apical 2CH GLS analysis, d) GLS - Bull’s eye graph and 
plot, e) GLS - Bull’s eye plot, f) longitudinal time to peak strain plot. 
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a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

 

Fig 5:  a) LV GLS, b) GLSR, c) LV GCS, d) LV GCSR, e) LV GRS, f) LV GRSR , global longitudinal strain, GLSR, global 

longitudinal strain rate, GCS, global circumferential strain, GCSR, global circumferential strain rate, GRS, global radial 
strain, GRSR, global radial strain rate. 
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a) 

 

b) 

 

Fig 6: a) 3-dimensional reconstruction of the 2-dimensional three apical views by 4DXStrain software, b) determination of 
4D volumes, EF%, cardiac output and sphericity index in diastole and systole. 

Special Precaution to accomplish high quality 4D 

XStrain Speckle Tracking Echocardiography [18] 

It is critical to obtain high quality 4D XStrain STE images and  
and certain instructions need to be adhered while acquiring 

the images. 

• Special attention is to be  paid to obtain a finest quality 

of ECG tracing; adjust the position of electrodes on the 

chest and choose the lead (from PHYSIO menu of the 

echocardardiography system) that displays the 

smoothest trace, with well defined R/Q waves with 

minimal noise; avoid traces with prominent P or T 

waves, as they will interfere with gating during 4D 

XStrain STE data acquision 

• The operator must ascertain whether the subject can 

cooperate for breath holding maneuvers; to avoid 

translation motion and breathing artifacts; breath 

holding must be ensured while acquiring the data. 

• LV should occupy in most of the image sector and 

avoidance of foreshortening is imperative. 

• While performing the endocardial tracking care should 

be taken to avoid the papillary muscles bulges in LV 

cavity. 

• For evaluation of LV circumferential and radial strain, 

rotation and twist, excellent quality of images of short 

axis views at the mitral valve (MV) level, papillary 

muscle level (PM) and apical level are obligatory.  

• The software automatically calculates the rotation 

parameters. Conventionally, a positive value is 

designated to anticlockwise rotation and a negative 

value for clockwise rotation; thereby apical rotation is 

positive and the basal rotation is negative . 

• Calculation of LV twist is achieved by subtracting the 

basal from the apical rotation and torsion by dividing  the 

twist value by the length of LV (Figure 7). 

 

 
 

Fig7: Calculation of LV twist and torsion 
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Figure 7: Calculation of LV twist and torsion

Parameters derived from 4D XStrain STE  

Myriads of parameters can be derived from the updated version of 
4D XStrain STE 

Deformation Parameters 

Longitudinal strain (GLS), global longitudinal strain rate (GLSR), 
global circumferential strain (GCS), global circumferential strain 
(GCSR), global radial strain (GRS), global radial strain rate (GRSR), 

transverse strain, transverse strain rate, transverse velocity, 
longitudinal velocity, radial velocity, rotational velocity, shear and 
shear rate.  Negative values are assigned to GLS and GCS and on the 

other hand GRS  is designated with positive values. Likewise, the 
values of %, 1/sec, and cm/sec were assigned to strain, strain rate and 
velocity respectively. 

Rotational Parameters 

The rotational parameters derived are outlined: peak apical rotation, 

time to peak apical rotation, peak twist, time to peak twist, twist rate, 
time to peak twist rate, untwist rate and time to peak untwist rate 
(Figure 8). The values of rotation, twist, untwist rate and time to 
untwist rate are demarcated in 0, ms, 0/s where appropriate. 

 

a) 

 

b) 

 

c) 

 

d) 

 

Fig 8: a) LV twist mechanism basal segment revolves in a counter clockwise course and apex resolves in a clockwise route. 

L, distance between base and apex. b), c), and d) are images of graphs of LV rotational twist parameters generated by the 
XStrain4DTM software 

Volumetric Parameters 

LV volumes is diastole and systole, cardiac output (CO) 4D-EF%  and sphericity index (SI)
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Clinical Application 

In various and diversified clinical setting STE has proved to be an 
invaluable tool for detection of subclinical LV systolic dysfunction. 
The application of this promising technology has shown exponential 
increments in the last decade as evidence by abundant published 
research and scientific literature on this approach.  

On perusing the academic literature we encountered multiple studies 
of XStrain 4D STE in manifold clinical disease states: congenital 
heart disease, coronary artery disease, Hypertrophic 
cardiomyopathy, dilated cardiomyopathy, amyloidosis, psoriasis, 

acute myocarditis, progressive systemic sclerosis etc. Remarkably, a 
significant number of research studies have already been published 
in healthy adult population (12, 13, 17-22) with the aim to determine 
the normative value ranges of several strain, rotation and twist 
parameters.The current evidence of clinical applications of XStrain 
4D STE is summarized below 

• Coronary Artery Disease 

GLS was significantly impaired in the region of myocardial 
infarction [23-25]. Additionally the authors noted that there was a 

parallel reduction of strain values within the infarcted myocardium. 
In patients of recent non ST elevation myocardial infarction 
(NSTEMI) undergoing percutaneous coronary intervention (PCI) 
D'Andrea et al [23] outlined the effectiveness of global and regional 
longitudinal strain when assessed by XStrain 4D STE. The authors 
acknowledged that strain values were achievable in 95% of LV 
segments; akinetic segments showed more myocardial deformation 
which did not recover after PCI; peak troponin I values after PCI 

were correlating with GLS and moreover deterioration of baseline 
GLS and its insufficient improvement after PCI are robust indicators 
of negative LV remodelling at 6 months. The authors concluded that 
the usefulness and outcome of PCI in the setting of recent NSTEMI 
was influenced not only by PCI but also by the magnitude of the 
scarred LV myocardium. 

It was discovered that attenuation of GLS at rest in patients of 
ischemic heart disease was related to the hypoperfusion and 

reduction of blood supply to the subendocardial region of LV 
because it is highly susceptible to the impact of ischemia [26, 27]. 
Rostamzadeh et al [26] demonstrated that in patient suspected to be 
having coronary artery disease (CAD), unaccompanied by regional 
wall motion abnormalities at rest were showing impaired LV GLS, 
GLSR and basal median radial strain rate (MRSR). These features 
can be effectively utilised to identify high risk patients of CAD. The 
authors believe that GLS, GLSR and MRSR can be used as a routine 
examination for diagnosing and risk stratification of CAD cases.  

To facilitate superior correlation of optical assessment of regional 
wall motion kinesis and the magnitude of regional deformation 
D'Andrea and colleagues [27] expressed that the technique of 
XStrain 4D STE can be useful for intensified focus on deformation 
analysis in a single artery supply territory (Figure 9).    

                             

      
       

Figure 9: XStrain 4D regional deformation analysis in various 

coronary artery territories. (A) GLS values in LCX artery 

perfusion region, (B) LAD artery perfusion region and (C) 

RCA  perfusion region. 

• Valvular Heart Disease 

XStrain STE can recognise the existence of LV subclinical 
myocardial dysfunction (Figure 10), and because of adaptive 
remodelling of LV, these patient may be asymptomatic for a lengthy 
duration despite the presence of severe valvular disease [28]. 

 

Figure 10: XStrain STE of LV in a patient of tricuspid aortic 
valve recognising impairment of GLS. 

 In a study of athletes with bicuspid aortic valve (BAV) and normal 
LVEF, Stefani et al [29] elucidated that the peak longitudinal systolic 
strain was lower than the control group. Therefore, the author 
recommended yearly follow up for comparison of behaviour of LV 
deformation in these patients. 

• Hypertrophic Cardiomyopathy 

XStrain STE has been deployed for evaluation of subclinical 
myocardial damage (Figure 11) in patients of left ventricular 
hypertrophy and to characterise its various causes [30-33].  Badran 
et al [33] showed that right atrial (RA) mechanics completely 

followed right ventricular (RV) and LV function as well as the 
severity of the disease. There was marked reduction in the entire 
components of RA functions; the reservoir function, conduit 
function, and booster pump function with predominant decline in RA 
reservoir and conduit function in patients of hypertrophic 
cardiomyopathy (HCM) with preserved LV ejection fraction. 
Conversely, the contractile function remained unaltered. 

 

Fig 11: GLS contour in Hypertrophic Cardiomyopathy. (A) In 

patients with latent obstruction there was lower strain values 

and increased electromechanical delay, (B) In non obstructive 

patients there was higher strain values and lower 
electromechanical delay. 

Furthermore, the attenuation of RA conduit function was strongly 

related to the severity of LV cardiomyopathy and LV deformation. 

 Dilated Cardiomyopathy 

Few studies of XStrain STE in dilated cardiomyopathy (DCM) 
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patients have substantiated that there was decrement of LV 

myocardial strain in all the 3 directions (Figure 12). 

 

Fig 12: XStrain 4D curves of Strain and Strain rate in patients 

of dilated cardiomyopathy with LBBB. There was significant 

of GLS and GLSR in LBBB patients as compared to non 
LBBB subjects. 

The authors commented that STE can be  utilized for detection and  
staging the DCM disease [34, 35].  Badran et al [35] investigated the 
role of XStrain STE on RV mechanics in patients of  DCM and the 
authors  commented that the  pathologic mechanism affecting the RV 
was also causing LV involvement with noteworthy reduction of RV 

systolic and diastolic functions as well as global and right ventricular 
free wall function. 

• Subclinical Myocardial Deformation in systemic 

diseases  

The unique Xstrain STE technology demonstrated its conspicuous 
utility in detection of preclinical state in systemic diseases such as 
Kawasaki disease, Rheumatoid arthritis, Lupus Nephritis, Psoriasis, 
Systemic Sclerosis, Thalasemia major and  Cardiac Amyloidosis 
(Figure 13-16) [36-42]. 

 

Fig13: XStrain STE in Renal transplant recipients showed 
significantly impaired GLS than controls (p<0.001). 

 

Fig 14: GLS and GCS deformation values were significantly lower 

in systemic sclerosis patients as compared to healthy subject 
(p<0.001). 

 

Fig15: 4DXStrain STE in Psoriasis patients. (A) GLS curve in 
healthy controls and (B) in patients of psoriasis. The GLS was 
significantly lower in the group of psoriasis on comparing with 
controls. 

 

 

Fig 16: 4DXStrain STE of right ventricular (RV) mechanics in 
subjects without cardiac amyloidosis (CA) and patients of early stage 
of CA. It was noted that RV GLS was impaired in mid and basal RV 
regions in early CA. Normal strain is depicted as green and mild-
moderate dysfunction is depicted in yellow. 

• Miscellaneous Conditions 

1. Acute Myocarditis 

 In a small study of 13 patients [43] of acute myocarditis with 
absence of regional wall motion abnormalities and preserved 
ejection fraction of the LV, the authors demonstrated that there was 
diffuse impairment of GLS (Figure 17) even though the 
circumferential strain was regionally attenuated. The authors 
claimed that the results were because of subepicardial damage. 
Deterioration of GLS and regional circumferential strain along with 

non-visualisation of regional wall motion abnormality depicts an 
additional finding supportive of focal myocarditis. 

 

Fig17: (A) normal subject – GLS contour of LV, (B) GLS 

curve in acute myocarditis.  
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1.Cardio-toxicity in oncology 

It is universally known that before embarking on cancer 
chemotherapy/radiotherapy  it is fundamentally essential to have a 
knowledge of LV contractility of potential recipient, because such 
therapies may cause subclinical myocardial damage. Stefani et al 
[44] commented that GLS is a valuable parameter to authenticate or 

to exclude the existence of preclinical myocardial dysfunction. 

The presence or absence of early LV dysfunction may have far 
reaching consequences because it may permit or contraindicate 
rigorous physical activity or sports. This feature is of considerable 
importance in patients who are totally  asymptomatic or with a 
history of transitory heart failure and  where regular and long-term 
follow up is essential. 

2.Cyanotic Congenital Heart Disease  

The assessment of LV deformation is crucial in patients of 
transposition of great arteries (TGA) post arterial switch surgery. In 

this surgery, coronary arteries may be at risk of injury. Rad et al [45] 
expressed that GLS, GLSR, global time to peak strain were normal 
in their 20 postoperative children of age 15 ± 5 months, after a 
successful arterial switch surgery. Nonetheless, time to peak systolic 
strain did not normalise in this time period. The authors concluded 
that some segments of LV myocardium may fully recover and others 
may not. 

3.Wrapping of Left Anterior Descending Artery around 

Left Ventricular Apex 

An Egyptian study [46] of 71 patients of left anterior descending 
artery (LAD) enveloping the LV apex with a normal coronary 
angiogram investigated the LV deformation parameters by XStrain 

STE and the researchers concluded that the notable anatomic feature 
of LV encasing of LAD provides superior myocardial relaxation 
with escalated rotational and circumferential mechanics when 
compared to non wrapping characteristic, in control subjecs (Figure 
18). 

 

Fig 18: 4DXStrain STE portrayal of LV deformation in a 

patient of left anterior descending artery enveloping the LV 
apex with normal coronary angiography. 

4.Newer Applications - Vortex Analysis in Heart Failure 

LV vortex is a flow structure with a circular or swirling motion that 
preserves the momentum of late transmitral flow into LV outflow 
tract during the transition from diastole to systole. A 
pathophysiological link between diastolic filling and systolic 
ejection can be identified with LV vortex flow [47].  

LV vortex is an important predictor of adverse outcomes in patients  
of heart failure [47]. The HyperDoppler technique furnishes newer 
methodology to analyse LV vortex formation (Figures 19, 20), and 
it investigates the LV contractile function in a different manner [47]. 

During the Isovolumic contraction phase of the cardiac cycle the LV 
vortex flow modifies, and the blood flow is diverted to the LV out 
flow tract, with formation of anterior vortex considerable magnitude 
of across the LV inflow-outflow region. Later on blood is ejected 
after the opening of the aortic valve.  

 

 Fig 19: HyperDoppler software was utilized for estimating 
intracardiac flow dynamics in dilated cardiomyopathy patient. (A) 
Analysis of vector flow map demonstrates circulation along the 
posterior lateral wall towards the LV apex, (B) A considerable size 
rotating Vortex (blue color) is visualized, (C) color map of smooth 
running flow vortex. 

 

 Fig  20: HyperDoppler  software employment for analysis of 
intracardiac flow in healthy subject, (A) and (B) and dilated 
cardiomyopathy patient (C) and (D). There is a scattered distribution 
of LV haemodynamic forces in patient of cardiomyopathy. 

Advantages 

The pioneering and superior technology of 4DXstrain STE has 
multiple advantages over the freely available 2Dimensionsal STE 
and is a step forward in the delineation of LV deformation 
mechanics. Various favourable features are: a) This remarkable tool 
has a superior spatial and temporal resolution [6]. This translates into 
resolving the crucial disadvantages related to use of full-volume 3D 

STE. These constraints are linked to random noise in the image 
quality, reduced volume rate with correspondent reduction in 
temporal resolution, decreased voxel size leading to  depression of 
spatial resolution, and suboptimal myocardial tracking [6]. b) The 
supremacy of XStrain 4D software is because of simultaneous off-
line derivation and estimation of the numerous strain components, 
volumetric indices, cardiac output, EF% and sphericity index  [6, 
17]. c) This intuitive software provides an augmented and inventive 

solution to calculate and collate the various constituents of cardiac 
function in a 3D domain [17, 18]. d) It is relatively inexpensive in  
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comparison to the highly priced 3D/4D STE software [17, 

18]. e) There is extremely low interobserver and intraobserver 

variability [6, 17, 18]. f) Acquisition is considerably smooth 

and relatively speedier along with expeditious off-line 
analysis [17, 18]. 

Limitations 

Despite being around for more than a decade, 4DXStrain STE 

continues to be a research tool and because of certain 

limitations, its widespread clinical use has been restricted. 
The limitations are outlined: 

i.Lack of multicentric RCTs in normal healthy children, 

adolescent and adult population for obtaining normal 

reference range values of different parameter of strain and 
rotation. 

ii.Dependancy on acoustically favourable window for 

obtainment of excellent resolution of cardiac anatomy. 

iii.Patients with irregular rhythms are excluded from the study 

because the 4D XStrain STE warrants acquisition of multiple 
beats in normal sinus rhythm. 

iv.Operator experience and training is an important factor in 

accuracy of measurements. Since this technology is relatively 

new, thus only few qualified and trained operators are 

currently available to conduct the study in a proficient 
manner. 

v.It has not yet been validated against cardiac MRI, which is 

considered to be the gold standard of speckle tracking 
echocardiography. 

Future research directions 

With newer techniques of “e Doppler” (for automatic 

correction of doppler angle, box position, sample volume 

position and steering, for a fast and optimised calculation) and 

"Elaxto" (an echocardiographic revolution for determination 

of tissue elasticity) on the horizon, it is of paramount 

importance that for accurate interpretation of 4DXStrain STE, 

relentless medical education and training are essential both 

for the scientific research and clinical domain. The dedicated 

XStrainTM software requires adequate qualifications and 

operator expertise to obtain  exquisite images and accurately 

estimate the projected values of myocardial strain and rotation 

parameters. According to us the future directions suggested 
are: 

1.Large scale randomised controlled trials (RCTs) should be 

conducted to define the cut-off normal value ranges of various 

strain parameters in a healthy population. This will facilitate 

in distinguishing between the diseased and normal healthy 
population. 

2.Furthermore, a correlation relationship of strain parameters 

amongst themselves and with LV hemodynamic variables as 

well as demographic characteristics in healthy population, 
should be planned and executed in these research trials. 

3.Clinical trials to study the incremental prognostic value of 

4DXStrains STE for forecasting morbidity, mortality and 

arrhythmic events in comparison with LV ejection fraction 
and GLS are warranted in future. 

4.A widespread educational initiatives for increasing the 

awareness of 4DXstrain STE and moreover, for a consistent 
application of the technology for a variety of  clinical settings. 

5.An intensified effort should be obligated for a dignified 

inter-vendor relationship regarding sharing of proprietary 

software to decrease the inter-vendor variableness and 
disparities. 

6.Clinical studies should be undertaken to validate the 

technique against cardiac MRI, which is the current gold 
standard for deformation analysis. 

7.Further clinical studies are warranted to assess the 

reversibility of myocardial ischemia and a corresponding 

reduction in impairment of myocardial deformation.  This will 
lead to a better understanding of the magnitude of reversibility 
of strain with medical therapy/coronary angioplasty. 

Conclusion 

XStrain 4D is a non-invasive advanced echocardiographic 

tool to investigate myocardial deformation and rotational 

mechanics in a superior and exceptional manner. None other 

currently available 2D STE/ 3D STE commercially available 

systems are in possession of the ability to estimate a multitude 

of parameters which the XStrain 4D boasts off. It is relatively 

inexpensive as compared to highly priced 3D STE systems. 

Nonetheless, augmented clinical research studies are 
necessary to maximize its clinical use and to clearly 

demarcate its advantage in comparison with the well-
established methods. 
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