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High-Intensity Focused Ultrasound
Induced Changes in Left Ventricular
Two-Dimensional Speckle-Tracking
Strain in a Mouse Model

Sang-Hoon Seol (©), MD, PhD
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» See the article “Use of Speckle Tracking Echocardiography to Detect Induced Regional Strain
Changes in the Murine Myocardium by Acoustic Radiation Force” in volume 29 on page 147.

The etiology and mechanism underlying diastolic heart failure is diverse.? Systemic
diseases, such as hypertension, diabetes and infiltrative cardiomyopathies can lead to
global left ventricular dysfunction. In clinical practice, myocardial ischemic changes due to
coronary artery disease may cause regional wall motion abnormality of the myocardium.
Echocardiography is a highly useful method for the evaluation of cardiac function.
Transient ischemia, but not permanent damage, can also induce changes in the subclinical
myocardium. However, such subtle changes cannot be detected using conventional
echocardiography.

Myocardial strain refers to deformation (lengthening, shortening, or thickening) of the
myocardium through the cardiac cycle.? Myocardial strain can be measured via tissue
Doppler imaging or speckle-tracking echocardiography (STE). STE can be used to analyze the
spatial dislocation (tracking) of each point (speckle) in the left ventricle in two-dimensional
images without angle dependency.? It provides insight into early changes in left ventricular
function. Longitudinal strain is known to be more useful for early detection of ischemia.?
Early detection of myocardial changes based on longitudinal strain can be used to inform
treatment before development of heart failure.

High-intensity focused ultrasound (HIFU) using acoustic radiation force impulse represents
a strategy to reduce the temporary cardiac function without permanent myocardial
impairment.” However, it is not easy to induce target myocardial deformation with
ultrasound waves without tissue damage. The degree of damage depends on the intensity and
duration of HIFU as well as the thermal effects.” In addition, histological analysis is needed
to investigate cardiac cell damage after the HIFU pulse.

In this issue of the Journal of Cardiovascular Imaging, Chaudhury et al.”) investigated the

effects of acoustic radiation force, which alter the regional longitudinal strain in murine
myocardium. The purpose of this study was to identify the transient changes in tissue
strain during the HIFU pulse. Until now, most of the studies investigating small animals
involved later stages and models with reduced systolic function.®) Models of ischemic injury
(coronary ligation, ischemia/perfusion) showed high mortality and complications due to
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invasive techniques such as surgical approaches.”'® HIFU is relatively easy to perform and

HIFU Induced Changes in LV Strain in a Mouse Model

represents a non-invasive method. HFIU is a non-invasive method and has the advantage of
being relatively easy to perform without surgical treatment.In this study, HIFU was used to
induce early heart failure similar to myocardial ischemia in murine myocardium. An increase
in regional longitudinal strain was detected with STE in all diastolic phases during acoustic
augmentation. A significant change in strain involved both endocardium and epicardium.

Upon interruption, the strain returned to normal. However, the relationship between strain
changes and HIFU was not known.

The significance of this study is that the changes in regional longitudinal speckle-tracking
strain in small animals were detected for the first-time using ultrasound-based non-invasive
cardiac stimulation. It could be used as a model for acute coronary syndrome, which

causes temporary myocardial damage. In the future, further studies involving larger animal
models are needed to evaluate specific changes in strain involving the left ventricle based on
ultrasound pulse delivery.
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