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Figure 2 shows the contour tracking results in the infarcted
myocardium. It was evident that the deformation of the
infarcted myocardium was significantly smaller. Due to the
more limited motion, the contour in the infarcted case could be
tracked throughout the entire cardiac cycle and over the entire
LV without limitations from large lateral motion as in the
normal case.

Figure 2. The tracking curves of some preset points in the (a) infarcted
myocardium over one cardiac cycle, as well as the (b) manually-initialized, and
the automatically-tracked contours in the (c) systolic and (d) diastolic phases,
respectively.

Preliminary results of a quantitative comparison between
automatically and manually obtained contours are shown in
Table 1. The RMS distance, as an index of tracking
performance evaluation, is much smaller in the infarcted heart
("0.08) because of the reduced motion. In addition, the RMS
distance at the endocardium was larger than at the epicardium.

Table 1. The RMS distance between automatically and manually obtained
contours normalized by the manually detected thickness.

Endocardium Epicardium
Mouse Phase Apical Septal Apical Septal

Systole 0.43 0.16 0.14 0.12
Normal

Diastole 0.14 0.11 0.09 0.11

Systole 0.08 0.06 0.07 0.04
Infarcted

Diastole 0.06 0.05 0.05 0.03

B. End-systolic Cumualtive Displacments and Strains

Figure 3 compares the cumulative displacement images (a,
¢) and strain images (i.e., elastograms) (b, d) at the end-systolic
phase of the normal (a, b) and infarcted (c, d) myocardia.
Positive displacements denoted motion upwards, and negative
displacements motion downwards. Positive and negative values
correctly depicted stretching (i.e., thickening) and compression
(i.e., thinning) of the myocardium, respectively. The end-
systolic phase was defined as the one corresponding to the
largest cumulative displacements in the normal region of
myocardium. Accumulation started from the first frame to the
end-systolic phase, while the results were overlaid on the B-
mode images at the end-systolic phase. As shown in Fig. 3(c),
the motion in the septum of the infarcted myocardia was
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significantly reduced whereas the motion in the majority of the
posterolateral wall had similar amplitudes to those in the
normal myocardium. These results could be explained by the
fact that the infarction in the septum due to LAD ligation
reduced myocardial contractility while the posterolateral wall
was not in the coronary territories of the LAD and therefore its
contractility was still close to the normal case. In Fig. 3(d), it
was evident that the strains in the septum of the infarcted
myocardium were much smaller than those in the normal
myocardium (by up to an order of 10). However, the
posterolateral wall of the infarcted myocardium presented
strain amplitudes, similar to those in the normal myocardium.
In addition, negative strains were found in the middle of the
septum during systole whereas the surrounding tissues
underwent positive systolic strains. The negative systolic map
identified the infarcted region, which underwent thinning
instead of thickening during systole due to its undergoing
passive tethering instead of active contraction [4].

(c) (d)
Figure 3. Cumulative (a, c) displacement images and (b, d) elastograms at the

end-systolic phase of the (a, b) normal and (c, d) infarcted myocardia. The
infarct (MI) is detected by the thinning region (denoted by the dashed circle).

IV. DIsSCUSSION

Myocardial elastography was previously implemented at
high frame rates and full fields-of-view using a retrospective
ECG-gating technique in mice [3, 4]. The myocardial contour
was deemed helpful for better interpretation of the results.
Manual tracing of the myocardial contour can be tedious and
time-consuming, especially considering the high volume of
frames available with our system. Therefore, automated
tracking of the myocardial contours was deemed highly
important. Due to the high precision of the displacement
estimation associated with high-frequency (30 MHz), and high
frame-rate (8 kHz) RF data acquisition [3, 4], a manually-
initialized contour could be automatically tracked across the
entire LV throughout a full cardiac cycle, which correctly
determined the margins of the myocardium at different cardiac
phases when compared to those of a trained human observer.

In this study, only the axial component of the myocardial
motion and deformation was estimated while hearts typically
undergo complicated motion in 3-D. The long-axis view was
used since the axial aligned with the radial direction in most of
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the myocardium in that case. However, lateral motion at the
apex in the normal case was the most significant (Fig. 3(b)),
reducing the quality of estimation and contour tracking at the
apical level. In the infarcted case, due to reduced overall
myocardial motion, the contour was successfully tracked over
the entire ventricle based on the axial displacement only, while
the distance between automated tracking and manual tracing
was smaller. Endocardial contour tracking around the apex in
the normal case was found to be the noisiest. This was
confirmed by the quantitative evaluation of the contour
tracking in Table 1. On the other hand, the contour tracking
method performed more robustly at the epicardium than at the
endocardium, in both the normal and infarcted cases, due to
lower (lateral) motion in the former region. At the endocardium,
pronounced out-of-plane motion was also evident. In the
systolic phase, certain structures, such as the anterior and
posterior papillary muscles, moved into the imaging plane
while in the diastolic phase, certain structures moved out of
plane. It was difficult to track these regions throughout the
entire cardiac cycle. In addition, the contour tracking
performed better at the beginning and end of the cardiac cycle
when fewer myocardial regions underwent large out-of-plane
motion while it performed worst at end-systole. These results
were consistent with the quantitative results in Table 1.

Using the 2-D tracking technique [6, 7], preliminary
clinical results have confirmed the feasibility of the contour
tracking technique in a normal and a pathological human heart
[8]. Figure 4 compares the 1-D and 2-D contour tracking in a
finite-element (FE) simulation of myocardial elastography
using a phased-array configuration, clearly demonstrating the
advantage of (b) 2-D contour tracking over (a) 1-D tracking in
the short-axis view. However, in the in-vivo study, difficulties
were identified for 2D tracking in conjunction with the ECG
gating used. This is because the RF lines from different lateral
positions were not acquired in real time. In fact, the
misalignment of RF lines due to the simultaneous motion of the
sector-scan probe, the jitter in the data acquisition and variation
of the ECG introduced large errors in the lateral estimation. In
addition, during data acquisition, the RF signals were acquired
and transferred to the PC workstation on a line-by-line basis.
However, the current data transfer was not fast enough to keep
up with the motion of the sector-scan probe and the
information on the latter was not made available on the Vevo
770 system. Therefore, not all the RF lines could be acquired
and the original beam density was decreased; thus affecting the
lateral estimation. By optimizing the data transfer protocol, the
line density was recently increased from 140 [4] to 190 lines
[5], and the lateral estimation and 2-D contour tracking in
murine hearts may be achieved.

Automated detection or tracking of myocardial contour has
drawn a lot of attention in the image processing community [9].
It has also been shown capable of providing quantification of
cardiac function. As shown in the results, the 1-D tracking has
its limitations. However, only a rough ROI in myocardial
elastography is desirable for better visualization and
interpretation, because the strain map information is provided
from the elastographic estimation instead of from the contour
tracking. The purpose in this correspondence paper was thus
not to perform the precise segmentation of the LV per se, but
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rather isolate the LV from other structures for better
displacement and strain visualization.
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Figure 4. Comparison of (a) 1-D and (b) 2-D contour tracking in FE simulation
in the phase of passive filling. The initial and final contours were obtained from
the FE model.

V. CONCLUSION

A high frame-rate (up to 8 kHz), full-view (12x12 mm?)
myocardial elastography with automated contour tracking was
implemented in vivo using retrospective ECG gating. The
contour of the myocardium was manually initialized in the first
frame and automatically tracked over the entire cardiac cycle.
The cumulative end-systolic displacements and strains
indicated reduced motion and deformation in the infarcted mice
with the myocardium successfully isolated from surrounding
regions. The method of of manually-initialized, automated
contour tracking can enhance the capability of the
elastographic technique with minimal wuser intervention,
especially under high frame-rate conditions, while providing
accurate functional information for the detection of disease
throughout the entire cardiac cycle.
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