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Abstract
Background: Three-dimensional (3D) speckle-tracking echocardiography (3DSTE) is a recent imaging technique designed to 
evaluate left ventricular (LV) myocardial function and overcome potential limitations of two-dimensional (2D) echocardiographic 
strain analysis. The aim of this study was to evaluate the utility of 3D echocardiographic strain parameters in the assessment of global 
left ventricular systolic function and to study correlation between 2D and 3D strain parameters.

Methods: 2D and 3D echocardiography with STE were performed in 100 subjects (3D LVEF range, 23%–66%) who satisfied the 
inclusion and exclusion criteria. 3D global longitudinal strain (GLS), global circumferential strain (GCS), global radial strain (GRS), 
global area strain (GAS) and 2D Global longitudinal strain (GLS) were derived from grey-scale images and correlated with LV function 
determined by 2D and 3D echocardiographic LVEF. Values of GLS by 2DE and 3DE speckle-tracking analyses were compared. 
Reproducibility and time taken for the study to perform 3D STE were assessed independently.

Results: All 3D speckle-tracking echocardiographic parameters had strong correlations with 2D and 3D echocardiographic ally 
derived LVEF. Three-dimensional GCS was the best marker of LV function (for 2D LVEF r = -0.86, P < .0001 and 3D LVEF r = -0.87, P < 
0.001). Global Area Strain (GAS) measured by 3D echocardiography showed a stronger correlation with LVEF measured by both 2D 
and 3D echocardiography as compared to global longitudinal strain (GLS). GLS measured by 3D echocardiography showed strong 
correlation with GLS measured by 2D echocardiography (r = -0.94, P < 0.001). Acquisition and analysis time for 3D STE (mean 7.04 
± 1.463 mins) was consistently faster as compared to 2D STE (Mean 11.82 ± 2.162 mins). All four 3D STE strain parameters showed 
good reproducibility with low inter and intra observer variability (r > 0.9, p < 0.001). 

Conclusions: Global strain by 3D STE from a single 3D data set is a quick, reliable and promising novel alternative to quantitatively 
assess LV function and shows good correlation with LVEF obtained by 2D and 3D echo. Global longitudinal strain by 2D 
echocardiography correlates well with 3D global longitudinal strain. Three-dimensional STE shows good reproducibility with faster 
acquisition and analysis time.
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Abbreviations

EF: Ejection Fraction; GAS: Global Area Strain; GCS: Global 
Circumferential Strain; GLS: Global Longitudinal Strain; GRS: 
Global Radial Strain; LV: Left Ventricular; MRI: Magnetic Resonance 
Imaging; STE: Speckle Tracking Echo; 2D: Two-dimensional; 3D: 
Three-dimensional; 3DE: Three-dimensional Echocardiographic; 
2DE: Two-dimensional Echocardiographic

Introduction

Left ventricular (LV) systolic function is an important prognostic 
parameter of cardiovascular mortality and morbidity [1,2]. LV 
ejection fraction (LVEF) is the most frequently used conventional 
biomarker to quantify global LV function and has been included 
into the guidelines for clinical decision making. However, despite 
its widespread clinical use, assessment of LVEF is limited by 
problems of reproducibility, test-retest variability, dependence 
on image quality, subjective interpretation, and a priori LV 
geometric assumptions [3]. Tissue Doppler imaging (TDI) and 
speckle tracking echocardiography (STE) have been introduced 
as quantitative and more objective methods to quantify regional 
and global LV systolic and diastolic function. Strain is a novel 
echocardiographic technique that assesses myocardial function 
by evaluating deformation of the myocardium. It is reported as a 
dimensionless percentage of myocardial deformation and may 
be determined using tissue Doppler imaging or speckle-tracking 
echocardiography. Although introduced in 2004, it has been widely 
accepted by the clinicians recently, to assess functions of the LV. 
Clinical utility of right ventricular and the left atrial strain are being 
explored extensively.

Two Dimensional (2D) echocardiographic global longitudinal 
strain by acoustic speckle tracking provides a robust and 
reproducible method for assessing left ventricular function with 
incremental prognostic value. Global strain measurements by 2D 
STE have excellent correlations with LVEF validated by both 3D 
echocardiography and cardiac magnetic resonance imaging (MRI) 
[4]. Global longitudinal strain (GLS) by 2D STE may be superior 
to LVEF in detecting early and subclinical dysfunction, providing 
unique signatures of certain disease etiologies and as a prognostic 
predictor of cardiac events in patients with heart failure [5-7]. 
2D Speckle-tracking echocardiography is angle-independent 
and quick but comes with its own imaging limitations, including 
dependency on two-dimensional image quality, residual vendor-

specific variability due to different algorithms, loading conditions, 
and requires training and expertise. 3D STE strain is a further 
refinement of the technique. 

The myocardial mechanics pertaining to LV function, generated 
by real time cardiac motion, are complex in three-dimensional 
space and these involve multi directional axes of deformation. The 
limitation of 2D STE is that tracking of speckles in a 2D plane may 
be subject to out of plane motion, which may contribute to noise 
and reduced accuracy [8,9]. The newly developed modality 3D STE 
may overcome this limitation because it allows the acquisition 
of a full 3D volumetric data set with simultaneous evaluation of 
multidirectional components of strain and LVEF in a single session 
with a single post processing algorithm. LVEF obtained by 3D 
STE obviates the limitation of geometric assumptions resulting in 
greater precision and reproducibility of LV ejection quantification 
[10,11]. In addition, 3D strain offers unique opportunity to quantify 
the endocardial area change ratio by area strain (AS), which 
combines the analysis of both longitudinal and circumferential 
deformations of the left ventricle [12,13]. Joint Euro-American 
guidelines recommend the use of 3D echocardiography in 
assessing LV volumes and ejection fraction as a more accurate and 
reliable modality while leaving the matter of 3D strain for future 
applications [14].

3D STE is currently undergoing a phase of extensive evaluation 
and continues to remain an area of interest and possible 
controversy. We aimed to conduct the present study to evaluate 
GLS obtained by 3DE and 2DE imaging in a group of patients with 
cardiac disorders, to correlate 3DE strain parameters with 2D and 
3D LVEF and finally to evaluate variability of 3DE strain parameters 
in comparison with 2DE strain data.

Methods

Study protocol

Out of 125 patients scheduled for routine echocardiography 
in our cardiology department in the course of hospitalization or 
during cardiology visits, 100 patients were prospectively included 
and evaluated using both 2DE and 3DE imaging. This study was 
carried out in the period between Dec 2016 till Dec 2017. The 2DE 
and 3DE acquisitions were obtained successively for all subjects by 
the same physician, with 2DE and 3DE analyses being performed 
offline.
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Excluded from the study were 25 patients with insufficient 
ultrasound image quality (defined as more than two LV segments 
that were not optimally visualized using conventional 2DE), Non 
Sinus rhythm or arrythmias, unstable clinical condition, severe 
dyspnea precluding breath-holding for >6 sec, or inadequate frame 
rates (<50/sec in 2D echocardiography and <25 voxels/sec in 3D 
echocardiography). Systolic and diastolic blood pressures were 
systematically measured during the echocardiographic studies. 
Written informed consent was obtained from all subjects, and the 
study was approved by the local ethics committee.

Data collection technique and tools

All the patients were evaluated using both the 2D and 3D modes 
by a single operator with all the analysis being performed offline. 
In all the patients, detailed history was taken either from patient 
or from accompanying relatives and proformas were filled up. 
Complete clinical examination was done in all patients. 

Data acquisition

Echocardiography was performed using GE Vivid E9 (GE 
Vingmed Ultrasound AS, Herten, Norway) machine. All the patients 
were scanned in the left lateral decubitus position with the use of 
both XD clear 2D transducer (M5S-D) and 2.5 MHz fully sampled 
3D matrix array transducer (4V-D). In the 2D mode, standard 
three parasternal short-axis views (basal, mid, and apical levels) 
were obtained and three apical views for the assessment of global 
longitudinal strain (GLS). Standard techniques were used to obtain 
M-mode, 2D, and Doppler measurements in accordance with the 
American Society of Echocardiography guidelines [21]. End-
diastolic (EDV) and end-systolic (ESV) volumes and Left ventricular 
ejection fraction (LVEF) were measured manually using the 
biplane Simpson’s method in the 2D mode and were automatically 
calculated by the wall motion tracking (WMT) software in the 
3D mode. An average frame rate for 2D acquisition was >50 fps 
(frames per second), whereas an average volume rate for the 3D 
mode was >30 vps (voxels per second) with a six-beat acquisition 
to ensure optimal temporal and spatial resolution. Multi beat image 
acquisition was performed while the patient’s breath was held to 
eliminate breathing-related motion artifacts. Careful attention was 
taken to adjust the sector width and depth to include the entire LV 
myocardium, including the epicardial surface within the pyramidal 
scan volume.

Strain analysis

Both 2D and 3D echocardiographic images were analyzed using 
the Wall Motion Tracking software. The best three consecutive 
cardiac cycles were selected based on optimal endocardial 
definition and quality of ECG tracing with all the measurements 
performed by a single operator. Endocardial border was manually 
traced at the end of diastole with papillary muscles included in LV 
cavity. Tracking quality was assessed by visual assessment of the 
adequacy between endocardial border and its delineation by the 
software. In the 2D mode, GLS values were calculated as an average 
of strain values obtained from the three apical views. In the 3D 
mode, GLS, GAS, GCS and GRS were measured automatically by 
the Echo PAC software (version BT11, 4D Auto LVQ; GE Vingmed 
Ultrasound AS) from a single full-volume acquisition. 

Statistical analysis

Descriptive and inferential statistical analysis was carried out 
in the present study. All data are expressed as mean ± SD. Level of 
significance was fixed at p = 0.05 and any value less than or equal to 
0.05 was considered to be statistically significant. To compare 3DE 
with 2DE GLS and to correlate 2DE and 3DE strains with LVEF, linear 
regression analyses were performed, and Pearson’s correlation 
coefficients were calculated. Agreements were assessed using the 
method proposed by Bland and Altman [22] for the comparison of 
3DE and 2DE GLS. The Statistical software IBM SPSS statistics 20.0 
(IBM Corporation, Armonk, NY, USA) was used for the analyses 
of the data and Microsoft word and Excel were used to generate 
graphs, tables etc. 

Reproducibility analysis

Intra- and inter-observer variability of both LVEF and strain 
measurements were evaluated in 10 randomly selected patients. To 
test intra-observer variability, the same primary operator analyzed 
selected data sets twice at least 2 weeks apart. The operator was 
blinded to the result of the previous measurements during second 
evaluation. To test inter-observer variability, a second observer 
was given data sets with no access to information regarding 
all prior measurements. Intra- and inter-observer variability 
were measured by intra-class correlation coefficients with 95% 
confidence intervals.

Image acquisition and analysis time

Image acquisition and analysis time was measured in all 
the patients. Acquisition and analysis time was compared 
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between 2D STE and 3D STE. Analysis time for 3D speckle-
tracking echocardiographic parameters included calculation 
of 3D LV volumes, 3D LVEF, and all four-3D speckle-tracking 
echocardiographic parameters from a single vendor-specific (GE 
Echo PAC) algorithm.

Results

Baseline patient and echocardiographic characteristics

A total of 100 consecutive unselected subjects with a priori 
feasibility criteria were included in the final analysis. The population 
comprised of 74% men, with a mean age of 54.28 ± 13.4 years 
and a mean LVEF of 50.0 ± 10.98% by 3DE imaging. Other clinical 
and echocardiographic characteristics of the study population 
are summarized in table 1. Our study included subjects with the 
following etiological distribution: 47% with coronary artery 
disease, 4% with primary valvular heart disease, 2% with non-
ischemic cardiomyopathy, 1% with restrictive cardiomyopathy, 1% 
with hypertrophic while 45% had no known cardiac disease. This 
study population enabled our results to be more generalized and 
applicable to a real-life clinical population with 2D LVEF ranging 
from 20% to 69%.

Variable Mean ± SD
MEN 74%
AGE 54.28 ± 13.4
BSA/m2 1.81 ± 0.16
BMI 25.61 ± 6.17
Heart Rate 79.11 ± 14.74
Systolic Blood Pressure 128.42 ± 15.34
Diastolic Blood Pressure 79.94 ± 8.76
2D LVEF % 49.78 ± 11.09
3D LVEF % 50.00 ± 10.98
2D LVED volume (ml) 102.82 ± 28.97
2D LVES volume (ml) 53.28 ± 26.41
3D LVED volume (ml) 104.15 ± 26.85
3D LVES volume (ml) 53.47 ± 25.12
2D GLS % -16.24 ± 4.69
3D GLS % -14.49 ± 4.62
3D GAS % -17.24 ± 5.32
3D GCS % -15.70 ± 5.00
3D GRS % 27.61 ± 6.22
ETIOLOGY

Coronary Artery Disease 47%
Valvular Heart Disease 4%
Non Ischemic
Cardiomyopathy 2%

Restrictive
Cardiomyopathy 1%

Hypertrophic
Cardiomyopathy 1%

No Cardiac Disease 45%
Data are expressed as Mean ± SD or as percent-
ages

Table 1: Clinical and Echocardiographic Characteristics of the 

population (n = 100).

Correlations between global strain and 2-d LVEF

In our study strong correlations were demonstrated using 
Pearson’s correlation coefficient between all four-3D speckle 
tracking echocardiographic parameters and LVEF assessed 
using 2D echocardiography which were statistically significant 
(Table 2). The strongest correlate for LVEF obtained using 2D 
echocardiography was with 3D GCS (r = -0.86, P < 0.001, Figure 
1.3). The result for 3D GAS was r = -0.851, for 2D LVEF (P < 0.001) 
(Figure 1.2) and for 3D GRS was r = 0.820, for 2D LVEF (P < 0.001) 
(Figure 1.4). The weakest correlate of 2D LVEF among 3D strains 
was 3D GLS (r = -0.814 for 2D LVEF, P < 0.001) (Figure 1.1). 2D GLS 
also showed a strong correlation with 2D LVEF (Figure 2) which 
was statistically significant (r = -0.772, P < 0.001).

Variable 2D LVEF P value
3D Global strain R
GLS -0.814 <0.001**
GAS -0.851 <0.001**
GCS -0.866 <0.001**
GRS 0.820 <0.001**
2D Global strain
GLS -0.772 <0.001**

Table 2: Correlations of global strain with 2-D LVEF using 
Pearson’s correlation coefficient.

(p < 0.05 - Significant*, p < 0.001 - Highly significant**).
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Figure 1: Correlation between 2D LVEF and 3D GLS(1.1), GAS(1.2), GCS(1.3) and GRS(1.4).

Figure 2: Correlation between 2D GLS and 2D LVEF.

Correlations between global strain and 3-D LVEF

All the four-3D speckle tracking echocardiographic parameters 
also showed strong correlation with LVEF assessed using 3D 
echocardiography and results were statistically significant (Table 
3). The strongest correlation for 3D LVEF was with 3D GCS (r 
= -0.871, P < 0.001) (Figure 3.3). The result for 3D GAS was r = 
-0.854, for 3D LVEF (P < 0.001) (Figure 3.2) and for 3D GRS was r = 
0.823, for 3D LVEF (P < 0.001) (Figure 3.4). The weakest correlate 
of 3D LVEF among 3D strains was 3D GLS (r = -0.815 for 3D LVEF, P 
< 0.001) (Figure 3.1). 2D GLS also showed a strong correlation with 
3D LVEF (Figure 4) which was statistically significant (r = -0.769, 
P < 0.001).
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Variable 3D LVEF P value
3D Global strain r
GLS -0.815 <0.001**
GAS -0.854 <0.001**
GCS -0.871 <0.001**
GRS 0.823 <0.001**
2D Global strain
GLS -0.769 <0.001**

Table 3: Correlations of global strain with 3-D LVEF using 
Pearson’s correlation coefficient.

(p < 0.05 - Significant*, p < 0.001 - Highly significant**).

Figure 3: Correlation between 3D LVEF and 3D GLS(3.1), GAS(3.2), GCS(3.3) and GRS(3.4).

Figure 4: Correlation between 2D GLS and 3D LVEF.
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Comparison of GLS between 2DE and 3DE Analyses

•	 The results of our study showed a strong correlation between 
3D GLS and 2D GLS (r = 0.94, P < 0.001, y = 0.931 x – 0.632) 
(Table 4, Figure 5.1) which was statistically significant. Mean 
error of measurement by Bland Altman analysis (Figure 5.2) 
was -2.457 ± 5.3020. 

2D GLS Avg % 3D GLS %

2D GLS % Pearson Correlation 1 0.94**

Sig. (2-tailed) 0.000

N 100 100

3D GLS % Pearson Correlation 0.94** 1

Sig. (2-tailed) 0.000

N 100 100

Table 4: Pearson’s correlation between GLS obtained by 2D STE 
and 3D STE.

(p < 0.05 - Significant*, p < 0.001 - Highly significant**).

•	 In subjects with no known cardiac disease, the results of our 
study showed a strong correlation between 3D GLS and 2D GLS 
(r = 0.953, P < 0.001, y = 0.893x – 0.377) (Table 5, Figure 6.1) 
which was statistically significant. Mean error of measurement 
by Bland Altman analysis was -1.6733 ± 0.96822 (Figure 6.2). 

2D GLS Avg 
%

3D GLS 
%

2D GLS Avg % Pearson Correlation 1 0.953**
Sig. (2-tailed) 0.000

N 45 45
3D GLS % Pearson Correlation 0.953** 1

Sig. (2-tailed) 0.000
N 45 45

Table 5: Pearson’s correlation between GLS obtained by 2D STE 
and 3D STE in subjects with no known cardiac disease.

(p < 0.05 - Significant*, p < 0.001 - Highly significant**)(y = 0.893x 
– 0.377).

5.2

Figure 5: Pearson’s correlation between GLS obtained by 2D 
STE and 3D STE (Figure 5.1) and Bland Altman Analysis (-2.457 

± 5.3020) (Figure 5.2).
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Group N Mean 
(minutes)

Std. 
Deviation t value P value

2D 100 11.82 2.162 18.311 <0.001**

3D 100 7.04 1.463

Table 6: Comparison of image acquisition and analysis time for 

2D STE and 3D STE using unpaired t test.

(p < 0.05 - Significant*, p < 0.001 - Highly significant**).

Figure 6: Comparison between 2DGLS versus 3D GLS in 45 
subjects with no cardiac disorder (Figure 6.1) and Bland-Altman 

Analysis (-1.6733 ± 0.96822) (Figure 6.2).

Comparison of image acquisition and analysis time for 2D STE 

and 3D STE

The results of our study showed significantly faster times for 
3D STE image acquisition and analysis (Mean- 7.04 minutes with 
a standard deviation of 1.463) as compared to image acquisition 
and analysis time required for 2D STE (Mean- 11.82 minutes with a 
standard deviation of 2.162) (Table 6, Figure 7).

Figure 7: Comparison of image acquisition and analysis time for 
2D STE and 3D STE.

Mean analysis time(SD) in minutes on y axis.

Intra observer and Inter observer variability measured by 

Intra class Correlation Coefficient (ICC)

We were able to demonstrate very good reproducibility for all 
the four strain parameters measured by 3D echocardiography as 
well as for 2D echocardiography derived Global Longitudinal Strain 
(GLS) with high Intra class Correlation Coefficient (ICC) values of 
>0.9 for all measured strain parameters (Table 7).

Intra observer 
Variability ICC

95% Confidence Interval

Lower bound Upper 
bound

2D GLS 0.989 0.954 0.997
3D GLS 0.973 0.891 0.993
3D GAS 0.988 0.950 0.997
3D GCS 0.916 0.663 0.979
3D GRS 0.974 0.895 0.994

Inter observer 
Variability ICC

95% Confidence Interval

Lower bound Upper 
bound

2D GLS 0.973 0.891 0.993
3D GLS 0.938 0.749 0.985
3D GAS 0.963 0.849 0.991
3D GCS 0.947 0.786 0.987
3D GRS 0.927 0.707 0.982

Table 7: Intra observer and Inter observer variability measured 
by Intraclass correlation coefficient (ICC).

Discussion

LV myocardial mechanics are complex and have multi-
dimensional vectors. There is apex to base shortening, wall 
thickening and simultaneous twisting. In clinical practice, we 
simplify the assessment of LV function by obtaining 2D LVEF 
using the modified Simpson method and 2D longitudinal 
strain by acoustic speckle tracking algorithm applied to 2D 
echocardiographic acquired views. 2D strain is confined to 
geometry-defined directions and assumes the LV to be a cylindrical 
chamber. 3D STE is a recent technique developed to provide more 
accurate information about LV function, geometry and mass from 
a single 3D acquisition and to overcome potential limitations of 
2D speckle tracking. 3D STE has been shown to assess global and 
regional LV function and LV desynchrony in a time-saving manner. 
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It provides incremental assessment of function by virtue of multi-
dimensional strain including area strain which cannot be obtained 
by 2D speckle tracking. 

The circumferential and radial strains exhibit lower 
reproducibility than longitudinal strain and as a result, these 
parameters are not suitable for clinical use.

For 2DE analysis, mean circumferential strain and radial 
strain are generally obtained from the parasternal short-axis 
view at basal or midlevel LV segments (six-segment analysis on 
2DE imaging vs 17-segment analysis on 3DE imaging), and as 
previously demonstrated, radial and circumferential 2DE strains 
are less robust and reproducible than longitudinal strains [25-
27]. Consequently, circumferential and radial strains by 2DE 
imaging should not be considered as ‘‘reference values’’ [25] and 
comparison of 2DE and 3DE data for these two parameters was not 
possible.

This study was attempted to compare 3D STE parameters of 
strain with conventional parameters of LV function. We observed 
that there was a good correlation between 3D longitudinal strain 
and those derived from 2D STE. This study also showed strong 
correlation between various 3D strain parameters and LVEF. 
Derivation of 3D strain and LVEF was faster. 3D STE technique was 
shown to be clinically feasible and did provide high correlation 
to conventional strain measures. It also demonstrated that 
conventional strain parameter i.e. GLS retains its clinical utility. 
Strength of this study lies in the fact that as a feasibility and 
validation study, this technique was investigated in consecutively 
recruited clinical patients referred for echocardiographic imaging 
for any indication.

The present pressing need of the hour is detection of early or 
subclinical dysfunction even before a reduction in LVEF for early 
intervention as in those undergoing chemotherapy and patients 
with valvular heart disease. 2D global longitudinal strain has been 
touted as that parameter with some drawbacks which includes out 
of plane motion of the speckles and other 2D strain parameters 
like GCS and GRS being considerably less reproducible, thus being 
unsuitable for clinical use. 3D echocardiographic data offers a 
unique opportunity to test the feasibility and utility of 3D strain 
as an alternative to 2D strain and other conventional measures of 
LV function.

In this study, we performed extensive correlations between 
3D versus 2D strains and LVEF. The correlation coefficients of 3D 
versus 2D conventional strain values that we obtained from STE, 
ranged from strong to very strong. This is expected because the 
feature tracking algorithm is common. Following observations 
were noteworthy: (1). Correlation between LVEF and longitudinal 
strain was good but 3D GLS scored over 2D GLS; (2). 3D GCS and 
GAS performed somewhat better than GLS while comparing with 
LVEF and (3). There was a strong correlation between 2D GLS and 
3D GLS in all groups.

The results are concordant with the results obtained by Luis 
SA., et al. [23] and Altman M., et al. [24] and achieve statistical 
significance. In these studies, 3-D GLS was a weaker correlate of 
2D LVEF. Similar to our study, 3D GCS (r = -0.89, P < 0.001) showed 
strongest correlation to 2D LVEF in the study by Luis SA., et al. [23] 
while 3D GAS (r = -0.87, P < 0.05) showed the strongest correlation 
to 2D LVEF in the study by Altman M., et al. [24] albeit only slightly 
as compared to 3D GCS (r = -0.85, P < 0.05). 

GLS obtained by 2D Speckle tracking echo also showed a 
strong correlation with 2D LVEF (r = -0.772) and was statistically 
significant (P < 0.001). This result is comparable with the results 
obtained by Luis SA., et al. [23] and Altman M., et al. [24] which 
showed statistically significant correlation between 2D GLS and 2D 
LVEF (Luis SA., et al. [23] 2D GLS r = -0.86, P < 0.001 and Altman M., 
et al. [24] 2D GLS r = -0.67, P < 0.05). 

 GAS is a novel parameter calculated from the percentage 
of endocardial surface area deformation. It is dependent on 
contribution from combined deformation in both longitudinal 
and circumferential directions [12,13]. Reant P., et al. [25] showed 
in their study that 3D GAS (r = -0.92, P < 0.05) was the strongest 
correlate for 3D LVEF as compared to 3D GCS (r = -0.91, P < 0.05), 
3D GRS (r = -0.91, P < 0.05) and 3D GLS (r = -0.84, P < 0.05). 
However, the present study did not find similar observations.

Clinical applications

In our study we have validated the accuracy and feasibility of 
3D speckle-tracking echocardiographic assessment across a wide 
range of LV function, including patients with severe LV systolic 
dysfunction (3D echocardiographic LVEF range, 23%-66%) across 
the Indian population in essence mirroring the general prevalence 
of cardiac disease and allowing our results to be applicable to real 
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life populations. Further we have also demonstrated an excellent 
correlation between a proven parameter like 2D GLS and 3D GLS, 
establishing the non-inferiority of 3D strain parameters. A natural 
corollary of this result is that since other 2D strain parameters 
like 2D GCS and 2D GRS are less reproducible whereas 3D strain 
parameters like 3D GCS and GAS are much more robust and actually 
better than 3D GLS, all endeavors should be made to move towards 
3D strain evaluation and utilizing the additional useful data 
obtained from all the 3D strain measures while simultaneously 
overcoming the drawbacks of 2D strain imaging. 3D strain imaging 
also allows the evaluation of 3D volumes and 3D LVEF from a single 
analysis along with measurement of all four 3D strain parameters 
with a shorter image acquisition and analysis time as compared to 
2D imaging and strain analysis. Finally, we have also demonstrated 
that 3D strain parameters show excellent reproducibility in the 
clinical scenario with low inter and intra observer variability. 

Limitations

3D echocardiography, depends significantly on the quality of 
the ultrasound window and acquisition, particularly in relation 
to endocardial boundary delineation and breath-holding capacity 
of the patient. Also, the ability to track anatomic details frame by 
frame is affected by the random image noise and the relatively low 
temporal resolution thus requiring multi-beat acquisitions. A 6-beat 
sequence provides a volume rate > 35/sec which is adequate for 
3D STE. However, it still falls short of 50-70 frames/sec which are 
routinely used to estimate 2D strain. Arrhythmias make speckle-
tracking echocardiographic assessment unreliable because of 
significant beat-to-beat variability. This is particularly important in 
light of the need for multi beat acquisitions to allow satisfactory 
image quality and frame rates for 3D speckle-tracking analysis. 
Existing differences between vendors [28-31] must be taken 
into consideration when results of our study are being compared 
with the findings presented by others using different machines. 
Further studies to compare inter-vendor variability of 3D derived 
strain parameters are recommended along with efforts towards 
standardization of acquisition techniques and analytic software to 
ensure robust reproducibility across vendors. Lastly, the present 
study was not designed to study different pathophysiologies like 
cardiomyopathies or subclinical heart failure but to validate 
whether 3D strain is feasible and correlated with the established 
parameters. The composition of our study population differs 

from study populations in other similar studies by Reant P., et al. 
[25] and Luis SA., et al. [23] in that we have a higher proportion 
of subjects with coronary artery disease as compared to non-
ischemic cardiomyopathy. This could be explained by the differing 
local prevalence of various cardiac diseases and selective referral 
bias.

Conclusion

Global strain by 3D STE is a promising novel alternative to 
quantitatively assess LV function and shows good correlation with 
LVEF obtained by 2D and 3D echo. GLS by 3D echocardiography 
correlates well with 2D GLS and hence, its utility should not be 
underestimated. 3D STE shows good reproducibility with faster 
acquisition and analysis time besides allowing for the simultaneous 
assessment of all 4 strain parameters as well as 3D volumes and 
3D LVEF in a single analysis. Various current applications of 3DE 
strain analysis should now be investigated in different individual 
pathological subgroups to establish validated data for each etiology.
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