
  

  

Abstract— Non-invasive quantification of regional left 

ventricular (LV) deformation is crucial for the identification of 

clinical and subclinical myocardial dysfunction in various 

conditions. Several software tools now exist to provide regional 

LV strain estimation for echocardiography images. In this 

paper, we experimentally investigated the impact of real-time 

three-dimensional (RT3D) ultrasound temporal resolution on 

the precision of an integrated speckle-tracking framework. We 

compared temporal displacement and strain profiles acquired 

at three different frame rates on five normal volunteers. 

Results showed that estimated displacement fields and regional 

strain measurements were more homogeneous and of larger 

amplitude at higher frame rates. 

I. INTRODUCTION 

Ultrasound (US) is frequently used as the first screening 

modality when there is suspicion of many cardiac 

conditions. Although not yet part of routine clinical care, 

cardiac strain analysis with 3D echocardiography is gaining 

in maturity and sophistication due to development of novel 

methods. There is considerable potential in measuring the 

full set of strains, because some subset of them may form a 

good predictor for LV dysfunction or disease prognosis [1]. 

Analysis of LV deformation using speckle-tracking permits 

quantitative description of function by eliminating most 

subjective user-dependent factors. This approach is useful in 

some clinical settings, particularly in patients with heart 

failure, to assess LV dyssynchrony and to reduce the rate of 

non-response to Cardiac Resynchronization Therapy 

(CRT)—though analysis is limited to 2D echocardiograms 

[2] and only few studies in 3D echocardiography. In general 

clinical practice, 2D speckle-tracking strain analysis remains 

the standard because it has been much more extensively 

validated both in technical and clinical research; however, 
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temporal resolution directly affects the veracity of the 

underlying working assumption of in plane motion between 

two time frames. Performing 3D rather than 2D speckle 

tracking remains of value because it provides a more 

realistic tracking of cardiac tissue motion. Nonetheless, there 

is an open issue of identifying the minimal temporal 

resolution (or frame rate (FR)) required for accurate strain 

measures on echocardiographic images. 

We have previously developed semi-automated image 

analysis tools [3] that can provide regional strain measures 

from RT3D ultrasound data. This framework involves some 

dedicated denoising, that was optimized on the clinical data 

in [4], and correlation-based speckle tracking. We have 

shown that the LV strain estimations based on speckle 

tracking were quantitatively comparable to sonomicrometry 

(a standard invasive ground truth) in tracking regional 

deformation. Nevertheless, it appears clearly that at 25 Hz, 

the sampling rate was too slow to capture fast contraction 

patterns, which are visible with sonomicrometry. Several 

studies [5, 6] have examined frame rate effects on speckle 

tracking in the setting of cardiac imaging. Other studies [7, 

8] have evaluated positively the capacity of speckle-tracking 

to characterize LV deformation with standard clinical RT3D 

ultrasound probes. Nevertheless, these studies presented 

only partial validation for selective strain measures (either 

longitudinal or radial). 

The goal of this study is to investigate the influence of 

RT3D ultrasound temporal resolution on our speckle-tracking 

framework, for all strain components. For RT3D screening, 

the frame rate can be increased at the cost of reducing the 

number of scan lines and/or the field of view (FOV). Both 

scanning parameters have an impact on the spatial resolution 

which trades off with temporal resolution. In this study, we 

propose to identify experimentally the minimal frame rate 

that should be used to perform accurate strain analysis on 

healthy volunteers, using a standard clinical probe.  

II. METHOD 

To quantify LV strain from volumetric RT3D 

echocardiographic images we rely on a previously designed 

framework consisting of the following processing pipeline: 

1) image denoising; 2) region of interest (ROI) segmentation 

to initialize the speckle tracking; 3) speckle tracking with 

cross-correlation used as the image similarity metric, to 

estimate a dense 3D displacement field; and 4) Lagrangian 

strain measures in natural coordinates, to assess the three 

strain components: longitudinal, radial and circumferential.  
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