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Target Audience: Researchers and physicians interested in fast hepatic MR elastography acquisitions. 
Purpose: MR elastography (MRE) is a technique for noninvasively assessing hepatic fibrosis that has a high diagnostic accuracy and is safer and less expensive than 
biopsy[1-6].  In hepatic MRE, low-frequency mechanical vibrations are introduced into the abdomen to produce shear waves within the liver that are imaged using 
phase-contrast MRI techniques.  These images of shear wave propagation are then processed to determine the tissue stiffness and other mechanical properties.  Hepatic 
tissue mechanical properties have been shown to have high diagnostic accuracy for grading hepatic fibrosis in patients with diseases such as hepatitis B and C viral 
infections and nonalcoholic fatty liver disease (NAFLD), among other applications [6-10].  Current implementations of hepatic MRE typically require multiple breath 
holds with a duration of at least 10 seconds each or are respiratory gated, resulting in overall MRE acquisition times that can add several minutes to clinical liver exams 
[1, 5, 11, 12].  While breath-hold times of 10-20 seconds for MR acquisitions are acceptable for many patients, there are still others who cannot reproducibly perform 
these breath holds due to health complications or compliance issues (e.g., pediatric and sedated patients) [13-16].  Respiratory triggering can remove this burden from 
patients, but can result in long acquisition times.  The purpose of this work was to demonstrate an implementation of hepatic MRE capable of being performed in a 
single 3.2-second acquisition which could significantly reduce the breath-hold requirements for typical MRE exams and improve clinical patient throughput. 
Methods: This volunteer study was performed in accordance with our institutional 
review board policies.  A healthy volunteer was imaged in the supine position in a 1.5T 
scanner (GE Signa HDxt HD16.0_V02, GE Healthcare, Waukesha, WI) with an 8-
channel torso array coil and a soft pneumatic pillow driver placed over the abdomen to 
deliver 60-Hz vibrations into the liver from an active acoustic driver located outside of 
the scan room [17].  First, standard localizer and parallel imaging calibration 
acquisitions were performed at the end of expiration.  Next, MRE acquisitions were 
performed using a single-shot, flow-compensated, multislice, spin-echo, echo planar 
imaging (SE-EPI) MRE acquisition (with a spatial-spectral excitation pulse and 
superior and inferior spatial saturation bands) prescribed to sample 4 axial slices 
through the widest part of the liver.  Acquisition parameters included: 44-cm FOV; 
72x72 acquisition matrix (parallel imaging factor = 2) reconstructed to 256x256; 500-
kHz readout bandwidth with ramp sampling; TR/TE = 400/37 ms; 10-mm contiguous 
slices; and 1 40 mT/m, bipolar, 6.45-ms motion-encoding gradient (MEG) on each side 
of the refocusing pulse in the slice-select direction.  The MRE acquisitions were performed in 8 TRs (3.2 
seconds).  The first 2 TRs are discarded acquisitions to let the motion and MR magnetization approach a 
steady state, and the last 6 TRs alternate between positive and negative MEG polarities for phase-
contrast calculations and measure 3 phase offsets between the MEGs and the applied motion to image the 
harmonic wave propagation.  The scan was performed once with a breath hold performed at the end of 
expiration, and was then repeated 11 times with the subject free-breathing (average respiratory rate of 
about 16-20 breaths per minute).  The MRE wave images were processed using an existing 2D algorithm 
for creating images of liver stiffness (elastograms) [18].  ROIs were manually drawn in each slice for 
each acquisition and the distribution of free-breathing, slice-based stiffness estimates were compared to 
the breath-held results with a two-sample t-test with a 0.05 significance level and assuming unequal and 
unknown variances (Matlab, R2013b, The Mathworks, Inc., Natick, MA). 
Results: Even with the subject freely breathing during the acquisitions, there were no significant artifacts 
in these images due to the short image acquisition times for each single-shot EPI acquisition (100 ms per 
acquisition; 500 ms per wave image). No significant difference was observed between the breath-held 
and non-breath-held stiffness measurements in any of the 11 acquisitions (p > 0.1 for all cases). 
Discussion: While there continues to be a need for using 3D and multifrequency MRE techniques to 
improve the measurement of tissue mechanical properties, current 2D implementations of liver MRE 
have a documented success rate that will continue to make them practical techniques and necessary alternatives for situations where the number and duration of breath 
holds is limited.  Future work will include determining the repeatability and reproducibility of this technique in healthy volunteer and patient populations, comparing 
this technique to other MRE implementations (e.g., GRE or shorter TR EPI), and exploring the feasibility of a cine-style acquisition where data can be collected 
continuously during the respiratory cycle. 
Conclusion: This work has demonstrated the feasibility of a 3.2-second, 4-slice, liver MRE acquisition strategy that may reduce or even eliminate the need for 
performing breath holds for clinical liver MRE exams while also reducing overall patient exam times and increasing patient throughput. 
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Breath-held (top) and free-breathing (bottom) MRE data with the liver 
outlined in red and ROIs for reporting average stiffness in yellow.

 
Slice-by-slice stiffness measurements from the 
breath-held acquisition (trial #1) and the 11 free-
breathing acquisitions. 
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