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Motivation: Free-Breathing Liver Fat and R Mapping

» multi-echo bipolar readout?

> self gating

> parameter fitting
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Radial readout view angle 2

> model-based reconstruction®

> calibrated coil sensitivity

and By maps
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» 3-point Dixon
» subspace reconstruction

> water-specific T1 mapping®
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1Zhong X, et al. Effect of respiratory motion on free-breathing 3D stack-of-radial liver R relaxometry and improved quantification
accuracy using self-gating. MRM (2019)

2Schneider M, et al. Free-breathing fat and R, quantification in the liver using a stack-of-stars multi-echo acquisition with respiratory-

resolved model-based reconstruction. MRM (2020)

3Feng L, et al. Magnetization-prepared GRASP MRI for rapid 3D T1 mapping and fat/water-separated T1 mapping. MRM (2021)
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Multi-Echo Radial FLASH Sampling
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» Seven gradient echoes with different k-space spokes per RF excitation

» Echo acquisition (ADC on) is color-coded
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echo recon.
—_—

e.g. pics in BART

\\ | split into echoes

e.g. Graph Cut
Hernando D, et al. MRM (2011)
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Block KT, et al. [IEEE TMI (2010)

>\\< split into echoes model-based recon.: Direct parameter mapping




Multi-Echo Gradient-Echo Signal Modeling
» Chemical-shift and By field inhomogeneity encoding (WFR2S in BART?)

B:xy = pm=(WHF-2z,) e RTEn. o2mf5TEn

* 6-peak fat spectrum?; z, = >, a;e/?fiTEm
* Inclusion of R; extends the Dixon model®*

1Uecker M, et al. Berkeley Advanced Reconstruction Toolbox. ISMRM (2015)

2Hamilton G, et al. In vivo characterization of the liver fat 1H MR spectrum. NMR Biomed (2011)
3Dixon WT. Simple proton spectroscopic imaging. Radiology (1984)

4Glover GH. Multipoint Dixon techniques for water and fat proton and susceptibility imaging. JMRI (1991)
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Multi-Echo Gradient-Echo Signal Modeling
» Chemical-shift and By field inhomogeneity encoding (WFR2S in BART?)

B:xy = pm=(WHF-2z,) e RTEn. o2mf5TEn

* 6-peak fat spectrum?; z, = >, a;e/?fiTEm
* Inclusion of R; extends the Dixon model®*

» Given x = (W,F, R, fg,, c1, -+ ,cn )T, denote the chained forward model

Xp coil sensitivities

Yjim = Fjm(x) := PnFSB

LUecker M, et al. Berkeley Advanced Reconstruction Toolbox. ISMRM (2015)

2Hamilton G, et al. In vivo characterization of the liver fat 1H MR spectrum. NMR Biomed (2011)
3Dixon WT. Simple proton spectroscopic imaging. Radiology (1984)

4Glover GH. Multipoint Dixon techniques for water and fat proton and susceptibility imaging. JMRI (1991)
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Regularized Model-based lterative Reconstruction

minimize, [ly — F(x)[13 + A1 [W(Ewx) |l + X2 [ TVe(xo)ll; + Az [|x]]3
subject to R; >0

» Spatial /1-Wavelet regularization on W, F, and R; maps extracted by F;

» Spatial & Temporal total variation (TV) regularization on x,

» (2 regularization on all unknowns
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Regularized Model-based lterative Reconstruction

» Nonlinear inversion: IRGNM?® with ADMM®

1. Linearize the nonlinear objective function in each Newton iteration
2. Solve the linearized problem with regularization via ADMM

5Bal»(ushinsky AB, et al. Iterative methods for approximate solution of inverse problems. Mathematics and lts Applications (2004)

6Boyd S, et al. Distributed optimization and statistical learning via the alternating direction method of multipliers. Foundations and
Trends in Maching Learning (2010)



Regularized Model-based lterative Reconstruction

» Nonlinear inversion: IRGNM?® with ADMM®

1. Linearize the nonlinear objective function in each Newton iteration
2. Solve the linearized problem with regularization via ADMM

» Initialization

1. Newton-type method sensitive to initial guess, especially for By estimate
2. Initialize W, F and fg, using simplified model-based reconstruction from the first
three echoes’

5Bal»(ushinsky AB, et al. Iterative methods for approximate solution of inverse problems. Mathematics and lts Applications (2004)

6Boyd S, et al. Distributed optimization and statistical learning via the alternating direction method of multipliers. Foundations and
Trends in Maching Learning (2010)

"Tan Z, et al. Dynamic water/fat separation and By inhomogeneity mapping. MRM (2019)
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Fat & lron Phantom

(A) lron diluted in water
(B) Phantom outline
(C) Tubes

» 1 —3: No fat, varying iron
» 4 - 6: 10% fat, varying iron
> 7: 20% fat, no iron

» 8: 100 % fat, no iron
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Results: Fat & Iron Phantom
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Results: Fat & Iron Phantom
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Results: Elevated Fat Fraction in the Liver
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Results: Quantitative Analysis
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Results: 3D Free-Breathing Acquisition in Two Minutes

(A) End-Exhalation Bin (B) Coronal View
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Partition 19

» stack-of-radial multi-echo acquisition
» SSA-FARY” self gating

» multi-dimensional model-based recon.

Partition 16

—
(1s) 300 0 (%) 50

7Rosenzweig S, et al. Cardiac and Respiratory Self-Gating in Radial MRI Using an Adapted Singular Spectrum Analysis (SSA-FARY).
IEEE TMI (2020)
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Summary

v

Free-breathing liver acquisition via multi-echo radial FLASH

v

Multi-gradient-echo model-based recon. with advanced regularization in BART

v

Good quantitative accuracy comparing with the reference method

v

Associated reconstruction scripts will be updated here:
https://github.com/mrirecon/multi-echo-liver

Email: zhengguo.tan@gmail.com
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https://github.com/mrirecon/multi-echo-liver
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lteratively Regularized Gauss-Newton Method (IRGNM)

» IRGNM linearizes the nonlinear forward model in every Newton step,
IF (xn) + DF (xn)dx = y |3
» denote x = x, + dx — xg,

IDF (xn)(x + x0 = xn) = Iy = FOxa)lll3
= || DF (xa)x — [DF (xa) (xa — x0) + ¥ — F(xa)]ll3

> its normal equation reads,

DF" (x3){ DF (xa)x — [DF (xa)(Xa — X0) + ¥ — F(xa)]} = 0
= DF"(xn) DF (xn)x = DF" (x){ DF (xn)(xp — x0) +y — F (%) }

» with arbitrary regularization, ADMM can be used to solve it efficiently.
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Generalized /1 Regularization via ADMM

minimize ||Ax — b5 + \||z|;

subject to Tx —z =20
The updates can be derived,

<UD = (AFA+0.5pTHT)[AFb + 0.5p TH(2(H) — 1))
Z(k+1) — 7;\/p(TX (k+1) + H(k))
pkt1) . (k) kD) (k1)
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