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Noninvasive methods for quantifying myocardial viscoelasticity can assist with evaluation of heart function and structure. Several shear-wave methods have been developed for this purpose. These methods use either ultrasound or magnetic resonance techniques to induce shear-waves into the tissue and measure the resultant deformation by ultrasound in order to quantify mechanical properties of tissue. Our group has developed shear-wave dispersion ultrasound vibrometry (SDUV) which can estimate both viscous and elastic moduli in absolute terms, with fast temporal resolution, allowing measurements of tissue viscoelasticity throughout the cardiac cycle. The technique was first validated in gelatin phantoms and excised hearts. In vivo tests were performed using either an actuator or ultrasound radiation force to induce shear-wave propagation and estimate shear elastic and viscous moduli. The results were validated against invasive pressure-segment length method (sonomicrometry and catheter-based left ventricular pressure) with excellent correlation and good agreement. Further tests in an animal model with acute myocardial ischemia and infarction showed that SDUV can track alterations in tissue viscoelasticity induced by ischemic injury. We conclude that SDUV is promising in providing a direct quantitative measurement of the regional viscous and elastic compliance of the myocardium. Measurements will be fast enough to be incorporated in the typical cardiac ultrasound examination and allow evaluations at rest and during physiologic or pharmacologic interventions.

