


the left ventricle of the heart, to obtain a short axis view.
Approximately every two minutes, a sequence of three cardiac
. i cycles was acquired during the experiment, with a frame rate
. \ of 56 fps. The motion detection technique was based on
detecting the small displacements of the myocardium that
occurs between two consecutive frames. Only axial
displacements (in the direction of the transducer) were
computed. The time-shifts in the backscatterered signals are

(@) (b) determined between the two consecutive frames through
cross-correlation of small sliding windows (correlation
windows of 3 mm, overlapping 90%) over the entire

\ . ultrasound image. This technique allows the detection of very
- . small displacements on the order ofia0.
(©) (d)

Figure 4: M-mode images - Variation over an entire

cardiac cycle in a normal posterior wall: a) Incremental
and b) cumulative displacements, c) cumulative strains
and d) corresponding correlation coefficients. @) ()

I1.1.4 Imaging for infarct detection

2D echocardiographic RF data using a portable, laptop
scanner (Terason 2000, Teratech, Inc) and a 3 MHz phased
array were acquired continuously during a 2-min induction of
acute myocardial infarction through ligation of the
left-ascending, distal (LAD) coronary artery of an _. ) (C). e (@ .
open-chested dog (respiration was also interrupted) Figure 5: Canine ventricldn vivo: Displacement images

: : (a-b) at end-diastole and rcesponding elastocardiograms
Sequences of ultrasound RF images were acquired at 54 f -d; at the beginning of and gfter 93 sec of LAD Ii%ation,

(1,28 RF lines, sam'plmg frequency: 10 MHZ)' Axial respectively. The strain ranges from +1% (compressive
displacements are estimated from two consecutive RF frame%train) to -1% (tensile strain). The ischemic region is shown

using a 1D cross-correlation algorithm (Size of the Co”elationincreasing in size between 4 and 7 o'clock. close to the
windows: 6 mm; overlapping: 90%). In this algorithm, |ocation of the LAD ligation.

time-shifts between two consecutive backscattered signals are
determined by the cross-correlation of small sliding windows
over the entire 2D ultrasound image. Finally, the strain
distribution is computed by differentiating the displacement
map along the axial direction. For the numerical
differentiation a least-squares regression method was used.
The results show how elastograms and elastocardiograms (i.e.

the overlayed echocardiogram and elastogram image, Fig.5) 3) )
can be used to localize the region of the muscle undergoing
ischemia (denoted by low strain (close to zero) between 3
o’clock and 6 o’clock, which coincides with the region of the
LAD ligation.

II.2. ELECTROMECHANICS c) d)

Figure 6:Canine example in vivo - Sequence showing the

11.2.1 Canine example in vivo propagation of the contraction at a) 0 ms, b) 18 ms, c) 36

The experiments were performed in an anesthetized ms and d) 53 ms after end-systole. The displacements (in
open-chested dog. The left descending artery (LAD) was color) are overlaid onto the grayscale image. Blue and red
ligated during surgery in order to induce ischemia. The displacements are towards and away from the transducer
ultrasound images were acquired using a commercial scanner(located at top of the image), respectively. The frame rate
(Terason 2000, Teratech, Inc.) with RF-data storage is 56 images/s. The ischemic zone is located in the central
capability. The transducer was placed on the anterior wall of bottom side of each image
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On the cine-loop of the displacements, a strong contracti@s0 fps in a long-axis view and 300 fps in a short-axis view.
wave is clearly detected iff1). The negative (blue) The incremental and cumulative displacement and strains
displacement indicating contraction of the myocardiunwere measured and imaged for the characterization of normal
propagates in the posterior wall from the septum (left side fafnction and differentiation from infracted myocardium. In
the images) to the lateral wall (right side). The speed of tlreder to image the electromechanical function, the
propagation was measured by tracking the contractiamcremental displacement was imaged in consecutive cardiac
wavefront in the sequence. An average speed of 1.2m/s vegsles during end-systole in both dogs and humans. The
found for the normal part of the heart, and 0.7 m/s for trmntraction wave velocity in normal dogs was found to be
ischemic region. twice higher than in normal humans and twice lower than in
ischemic dogs. In conclusion, we have demonstrated that
elastographic techniques can be used to detect and quantify
the mechanics and electromechanics of the myocardium in
vivo. Ongoing investigations entail assessment of myocardial
elastography in characterizing and quantifying ischemia and
infarction in vivo.
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order to illustrate the propagation of the mechanical wave at

the end-systolic phase. The speed was found to be 0.65 m/s in

the posterior wall. The location of the electromechanical
wavefront is indicated by arrow W in Figs. 7(a)-(d).

In this paper, we showed that elastographic techniques can
be used to estimate and image both the mechanics and
electromechanics of normal and pathological hearts in vivo. In
order to image the mechanics throughout the entire cardiac
cycle, the minimum frame rate to be used was on the order of
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