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INTRODUCTION: Aortic stiffness is an important risk factor in the development
of cardiovascular disease. Early detection of stiffening is important so that
appropriate medical and behavioural interventions can be implemented. Applanation
tonometry pulse wave velocity is the current non-invasive reference standard but
this only provides spatially-averaged measurements. Local measurements may be
more important, particularly in the ascending aorta due to aorto-ventricular coupling

Figure 1. Aortic valve closure was
assessed using high resolution cine
imaging. The timing of aortic valve
closure was subsequently related
to the phase change on the
motion-encoded images.

effects. MRE usually requires a surface transducer to generate shear waves in the
tissues but these are expensive, uncomfortable and not available in all centres.
The aim of this study was to develop a new transducer-free MRE sequence to measure aortic stiffness in vivo using aortic valve closure (Figure 1), an intrinsic source
for elastography, to generate shear waves in the aortic wall.

METHODS: This study has 4 parts: sequence development (pulse programming and
simulations) and implementation on a clinical 3T MR scanner; validation of MRE Figure 2. MRE
magnitude image (A)
with corresponding
phase image (B). The
red line in B marks
the aortic wall.

measurements in (a)simple geometry and (b)aortic phantoms; a volunteer study (n=8) to
assess cardiac and respiratory motion compensation strategies and the sensitivity of the
motion-encoding gradients; and a patient study (hypertensive patients, n=15) to compare
MRE and other MR methods (QA Loop; transit-time (TT)) for measurement of aortic
stiffness to the current non-invasive reference standard applanation tonometry.
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RESULTS: The MRE sequence was successfully developed and implemented. Phantom experiments demonstrated MRE could measure

the true stiffness of the material in the absence of wave-guidance effects. A 1D respiratory navigator with ECG-gating provided satisfactory motion compensation in all
volunteers. Motion-encoded images (165Hz)

demonstrated aortic wall shear waves (Figure 2)
associated with valve closure at 375ms (277-
420) after the R-wave. MRE successfully
provided local measurements of aortic stiffness
in patients and in contrast to the other methods,
could specifically assess the ascending aorta.
MRE showed the greatest correlation and
agreement with the reference standard
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generated in the aortic wall by aortic valve

closure, and these can be measured using our H

novel MRE technique. This methodology, Figure 3. MRE showed the greatest correlation and agreement with the fgeference standard (tonometry) (A),

which includes local measurements in the compared with the other MR methods (B, Transit-time (TT); C, QA Loop)
ascending aorta, can be easily translated to other
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centres because a transducer is not required. MRE has the potential to become an important screening test for early detection of cardiovascular disease and to risk
stratify and optimise treatment for individual patients.
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