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Fig. 2: Schematic of system for basic experiment.

Fig. 1: Method of assigning layers in the axial 
direction (a) and lateral direction (b) in IVS. 
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1.  Introduction  
In recent years, there have been many studies 

on the measurement of myocardial strain or strain 
rate, and techniques for measuring them have been 
developed1,2). However, a mechanism of the 
transitions between myocardial contraction and 
relaxation was unclear. Some transitions of heart 
wall motion rapidly occur during a short period of 
about 10 ms3). Under such rapid motion of heart, 
two-dimensional (2-D) speckle tracking 
techniques2) may fail to estimate the heart wall 
motion accurately at a low frame rate because it 
leads to significant changes in echo patterns. 
Therefore, to track the heart wall motion accuracy, a 
frame rate is required more than 1000 Hz (1 ms). 

In our previous study, 2-D displacement of 
the heart wall was estimated by employing the 
interpolated normalized cross-correlation function4)

between RF echoes obtained by the parallel beam 
forming5). In the present study, 2-D myocardial 
strain rate was measured by a speckle tracking 
method (2-D tracking) so that the myocardial 
function could be measured at a high frame rate. 

2.  Principle 
The axial velocity va (i, j; n) and lateral 

velocity vl (i, j; n) between the n-th and n+ NF -th 
frames at a point (i, j) (i: lateral, j: axial positions) 
in a heart wall are given by the determined lateral 
shift mn and axial shift kn, which maximize the 
interpolated normalized cross-correlation function, 
respectively, as follows: 
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where c0 and l are the sound speed and the lateral 
spacing l = 2d·sin  ( angular interval of 
beams at depth d, respectively. 

We introduced the strain rate to evaluate how 
the thickness of each layer changes with respect to 
time. As shown in Fig. 1, strain rate in the axial and 

lateral directions, Sa (i, j; n) and Sl (i, j; n), of the i-th 
lateral and j-th axial layers are given by 
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3. Basic Experimental Results  
3.1 Experimental System 

As illustrated in Fig. 2, in this experiment, 
strain rate of a phantom due to the change in the 
internal pressure, which was applied by a flow 
pump, was measured. The homogeneous cylindrical 
phantom was made from silicone rubber whose 
thickness was about 2 mm. RF data were acquired 
using a 3.75 MHz sector-type probe of ultrasonic 
diagnostic equipment (Aloka -10). The sampling 
frequency of the RF signal was 15 MHz. The frame 
rate and angular interval of beams  were 1024 Hz 
and 0.375 degree, respectively. 

3.2 Experimental Result
As shown in Fig. 3, the displacements (a) in a 
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Fig. 5: (a) Electrocardiogram and phonocardiogram. 
Distributions of the strain rate at ten different times 
during the ejection phase in the axial (b) and lateral 
(c) directions. 

Fig. 3: (a) Displacement of the phantom. Distributions 
of the strain rate at four different times in the axial (b) 
and lateral (c) directions. 

Fig. 4: (a) Acquisition area of the RF echoes from the 
longitudinal-axis view. (b) Velocities at the yellow 
points in the axial (1) and lateral (2) direction. 

region in the lateral and axial directions and strain 
rates in the axial and lateral directions of the 
regions colored in Fig. 3(b) and 3(c), respectively, 
were estimated by 2-D tracking. After 0.2 s from 
the beginning of pulsation of the pump (at (1)~(3) 
in Fig. 3(a)), the wall thickness of the phantom 
decreased both in the axial and lateral directions. 
On the other hand, after 0.75 s from the beginning 
of pulsation of the pump (at (4)~(6) in Fig. 3(a)), 
the wall thickness of the phantom increased both in 
the axial and lateral directions. 

4. In Vivo Experimental Results 
As shown in Fig. 4(a), the velocities in a 

region in the IVS (45 yellow points in Fig. 4(a)) 
were estimated by 2-D tracking. The size of a 
correlation kernel was set at (13.5 8.3) mm4).
Figures 4(b-1) and 4(b-2) show the velocities of the 
IVS at each point in the axial and lateral direction 
obtained by the 2-D correlation function, 
respectively. 

Figures 5(b) and 5(c) show the distribution of 
strain rates at every 10 ms in the axial and lateral 
directions at the beginning of the ejection phase. 
The strain rate in the axial direction is 
perpendicular to that in lateral direction. Therefore, 
myocardial contraction and relaxation (in the lateral 
direction) in the IVS correspond to increase and 
decrease in thickness in the axial direction, 
respectively1, 3). This phenomenon of strain rates 
obtained by 2-D tracking was in good agreement 
with those relationships and myocardial systole.

5. Conclusion 
Regional myocardial velocity and strain rate 

were measured at high temporal resolutions. As 
shown in Fig. 5, in vivo experimental results show 
the possibility of this method for measurement of 
2-D heart motion to assess the regional myocardial 
contraction and relaxation at a high temporal 
resolution.
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