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Quantitative MRI. Under one umbrella.
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Quantitative MRI has a reproducibility problem.
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Quantitative T, Mapping

This Jupyter Book is a series of interactive tutorials about quantitative Ty mapping, powered by
gMRLab. Most figures are generated with Plot.ly - you can play with them by hovering your mouse
over the data, zooming in (click and drag) and out (double click), moving the sliders, and changing
the drop-down options. To view the code that was used to generate the figures in this blog post,
hover your cursor in the top left corner of the frame that contains the tutorial and click the
checkbox “All cells” in the popup that appears.

Jupyter Lab notebooks of these tutorials are also available through MyBinder, and inline code
moedification inside the Jupyter Book is provided by Thebelab. For both options, you can modify the
code, change the figures, and regenerate the html that was used to create the tutorial below. This
Jupyter Book also useIs a Script of Scripts (SoS) kernel, allowing us to process the data using
gMRLab in MATLAB/Octave and plot the figures with Plot.ly using Python, all within the same
Jupyter Notebook.
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Quantitative Magnetic

2.1 Introduction

The longitudinal {or spin-lattice ) refaxation time (T;) is one of the fundamental parameters in Magnetic
Resomance Imaging (MRI). It characterizes the rote (8= LT} ol which longitudinal magnetization
recovers Lo s equilibrium seate, wlhich for most ssues can be described by an exponential growth curve
[1]- Bnowledge of this value is of the utmost impoenance for many MRI applications, such as pulse
sequence design (e.g, optimized signal-to-noise matio) |mag|ng profocol plannmg [cg, mrplmtd
conirast bl ween ssees), .md( Bibeation of oiher g 5 s e,
contrast enfance ment. g ive magnetization ransler imagingh T s a Geld-dep
arid also has g temper .nhm dependence [ 3], Moreover, well-known that many tssue pabologes can
be inferred from abnormal Ty valees {c.g.. multiple sclerosis lesions. mmors) [4-5].

Ty mapping has mostly been limited 1o research applications and is not widely used in clinical imaging
protocols. One reason for this is that eady T, mapping implementitions were either very slow {e.g.,
mmversion recovery) or required additional calibrsion mexssrements (e.g., variable Nip anghe, which
depends on transmit radiofrequency amplitude maps (8, * ). Lack of standardization has also led 1o a
wide range of reported T values when using different methods or scanning at different sites [9]. Recently.
however, MRI manufacturers have started adopting rapid technigues such as MPZRAGE { Magnetization
Prepared 2 Rapid Acquisition Gradient Echoes) [ 10] as standand sequences for their scanners, leading 1o
growing iterest m adding Ty maps oo clinically-orsented protocels,

This chapter’ covers three Ty mapping techniques (inversion recovery, variable flip angle.
MP2RAGE) that represent the fundamental types of methods currently in use {signal recovery.
steady-state, dictionary-basedh, Most other Ty mapping approaches are variants of these iechnigues,
sorme of which will also be briefly discussed, Only monoesponential T, mapping is covered; although
wal longitudinal relaxation behavioe has been ohserved in tissees [ 1 1], multiexponen-
xponential mapping of the

soane hiexy
|'Jll1li tial Ty mapping has not garnered the same level of interest as muolt

\I|<l|£.

*Secians 1235 in this book chapter huve been previeusly publishes under a creasive commans License on the gMRLab blog.
Vit the original blag poslsfm imternctive vmuuunflhefsur!s. i

ipbell-Washburn,
Mariy: lII vid, Flouchun Harry T and Steven 8

Advamces in Mapnitke Resmance Tecnohopy mnd Agplicationn. Volurms | RSN S-W199, bupec! ol g 110 R/ 001 2K T7-1 0000044 19
€ 2000 Ekevier I, AL ghts reserved Pablishend under Crvative Commmass AttibiationHos Commenctal .0 lmemaiosl (CC BY-RC 401

http://bit.ly/2WCMwB7
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Figure 3. Signal recovery curves simulated using Eq. 3 (solid) and Eq. 1 (dotted) withaTR=5
s for T, values ranging between 0.25to 5 s.

NeurolLibre
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Quantitative MRI. Under one umbrella.
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T, Mapping Reproducibility Challenge

A joint collaboration between the Reproducible Research and Quantitative MR Study Groups

Challenge Leader: Mathieu Boudreau, PhD

Research Fellow, Montreal Heart Institute
Software Developer, NeuroPoly, Polytechnique de Montréal

ISMRM | cammunity
FOR CLINICIANS
AND SCIENTISTS




Challenge Pitch

Will an imaging protocol independently-implemented at multiple

centers reliably measure what is considered one of the

fundamental MR parameters (T,) using the most robust technique

(inversion recovery) in a standardized phantom (ISMRM/NIST

system phantom)?



Imaging Protocol

Pulse sequence Spin-echo inversion recovery
Repetition time 2550 ms

Inversion times 50, 400, 1100, 2500 ms
Echo time 14 ms

In-plane resolution Tmmx1mm

Slice thickness 2 mm

Barral, J.K., Gudmundson, E., Stikov, N., Etezadil’/Amoli, M., Stoica, P. and Nishimura, D.G. (2010), A robust
methodology for in vivo T, mapping. Magn. Reson. Med., 64: 1057-1067.
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http://www.github.com/rrsg2020

Summary of Submissions
Datasets

Total # of submissions: 19
CaliberMRI/NIST phantom
o # of T, datasets: 41
Human subjects
o # of T, datasets: 56

All at 3.0 T (except for one phantom @350 mT)

Vendors: GE, Philips, Siemens.
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Work In Progress

Raw T, Maps

50

100

Y
e d

150

T T

A, i

i 1 5

200

0 50 100 150 200
20200121 _matthewgrechsailars_ICL_NIST_Magnitude_Tlmap nii.gz

https://qgithub.com/rrsg2020/t1_fitting_pipeline
https://github.com/rrsg2020/analysis/blob/master/01-wholedataset gif NIST.ipynb

250

3000

2500

2000

1500

1000

500

20


https://github.com/rrsg2020/t1_fitting_pipeline
https://github.com/rrsg2020/analysis/blob/master/01-wholedataset_gif_NIST.ipynb

Work In Progress

Quality Control
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Work In Progress

Quality Control
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Work In Progress

Phantom: All Datasets
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https://github.com/rrsg2020/analysis/blob/master/04_alldatasets_scatter_NIST.ipynb

Work In Progress

Quality Control
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https://github.com/rrsg2020/analysis/blob/master/04_alldatasets_scatter_NIST.ipynb

Work In Progress

Phantom: All Datasets
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Work In Progress

Phantom: All Datasets
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