In vivo Cardiac MR Elastography on mouse
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Target audience: Physicians interested in the diagnosis of cardiac malfunction based on myocardium stiffness.

Background and purpose: Increased stiffness of the left ventricle (LV) wall is a contributing factor to the abnormal function associated with both impaired
systolic and diastolic function during the progression of cardiomyopathies to overt heart failure '. The etiologies of impaired contractility in the failing heart
have been associated with increased cardiac fibrosis, steatosis, and altered sarcomere activity and tension, all factors influencing myocardial stiffness >>. The
mouse is a common animal model for studying these processes and is readily for the application of MR Elastography, a non-invasive method to estimate
stiffness of tissue under harmonic vibration *. This study demonstrates the feasibility of in vivo cardiac MR Elastography (MRE) on the mouse heart to
monitor myocardial stiffness, and the stiffness ratio between end-diastole and end-systole.

Methods: In vivo cardiac MRE was performed in a 9.4 T Agilent horizontal bore preclinical MR scanner (310/ASR, Santa Clara, CA) on four wild type
female mice. The mice were positioned in the supine position, kept under anesthesia with 1.5% isoflurane, in a customized cradle with a nose cone connected
to a vaporizer. A 3D printed tube tip was connected to an audio speaker (11829BT, Electro Voice, MN, USA) through a rigid PVC pipe on one end and
placed on the shaved left thorax area of the mouse on the other end. MRE was performed on a short-axis slice at the middle level of the left ventricle.
Mechanical waves were introduced into the heart by the speaker at 400 Hz, driven by an audio amplifier (P3500S, YAMAHA, Japan). A fractional encoding,
ECG gated, cine-MRE sequence was applied for wave image acquisition. The actuation was triggered right after the ECG trigger and turned off after the
MEG finished in the last cardiac phase acquisition. The RF pulse for the first cardiac phase acquisition was started after ~20 ms of the actuation trigger in
order to give enough time for the acoustic wave to travel from the speaker to the mouse body. MR imaging parameters includes FOV=3x3 cm, acquisition
matrix = 128x128, slice thickness = Imm, flip angle = 20°. TR and TE depend on the heart beating rate and number of cardiac phases acquired. A typical
TR/TE = 10.09/ 2.22 ms with 14 phases covers 1.5 cardiac cycles with a heart beating rate of 515 bpm. Three separate MRE scans were performed adding one
cycle of 1 kHz, flow compensated shape, MEG with strength of 20 Gauss/cm on the read, phase or slice gradient directions respectively to measure the
motion in-plane and through-plane. Eight phase offsets covering one vibration cycle were acquired for each MRE scan. A weighted sum effective stiffness
map of the entire body was estimated by a direct inversion algorithm . An ROI of the left ventricle was semi-automatically selected based on the wave
amplitude image for each cardiac phase to examine stiffness of the left ventricle.
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Results: Figure 1 and Figure 2 show the result from one experiment at the end of diastole (ED) and at the end of systole (ES), including the magnitude image,
wave image of vertical component of motion and stiffness map of the LV overlapping the magnitude image. The mean stiffness over the ROI is 18.9 kPa at
ED phase in Figure 1 (c) and 29 kPa at ES phase in Figure 2 (c). Figure 3 shows the stiffness change in the LV during one cardiac cycle. For the four mice the
effective stiffness in end diastole ranged from 7.84 to 18.9 kPa, and 14.07 to 28.9 in end-diastole. And, the stiffness ratio of ED/ES ranged from 0.51 ~ 0.65.

Discussion: Cardiac MRE has been implemented in vivo for human and porcine model studies > ©. The present study illustrated the challenges and, ultimately,

feasibility of in vivo cardiac MRE on the anesthetized, live mouse, for estimating myocardial stiffness in the heart. Further studies will be focused on the
comparison of stiffness ratio difference between normal and murine models of heart disease.
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