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Structural changes in the tissue brought by the disease (e.g., cancer, liver cirrhosis and fibrosis, myocardial infarction, heart failure, etc.) alter biomechanical properties of the tissue (elasticity and viscosity). Increasing evidence exists that measurement of tissue elasticity by ultrasound and magnetic resonance imaging can detect such alterations in liver, breast, thyroid, and prostate. The assessment of myocardial stiffness has been more challenging to achieve, and remains restricted to invasive techniques (pressure-volume measurements in the catheterization laboratory). Recent developments suggest that noninvasive estimation of myocardial elasticity by ultrasound and magnetic resonance imaging may be clinically possible in the near future. We recently introduced a new method that relies on analysis of intrinsic myocardial waves to estimate myocardial elasticity during diastole. This technique has been validated in animal studies, demonstrating that myocardial wave speed was highly correlated with the stress-strain derived elastic modulus measured by gold-standard invasive techniques. We have used this wave-based technique in >100 patients with various cardiac diseases. The results indicate that intrinsic myocardial wave speed is altered in left ventricular myocardium of patients with severe aortic stenosis, cardiac amyloidosis, heart failure with preserved ejection fraction, and hypertrophic cardiomyopathy compared to age-matched healthy subjects. Less severe changes were found in patients with degenerative severe mitral regurgitation. Preliminary results suggested that a higher wave speed was associated with reduced exercise capacity and peak myocardial oxygen consumption. Noteworthy, the wave speed measured by the intrinsic wave method was comparable to the shear wave speed produced by the ultrasound radiation force which is more challenging to apply effectively throughout the left ventricle at transthoracic imaging. In conclusion, measurement of myocardial stiffness has potential to become a new noninvasive imaging biomarker that may help with identification of structural changes in the myocardium caused by the disease.

