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Introduction



Challenge Pitch

Will an imaging protocol independently-implemented at multiple 

centers reliably measure what is considered one of the fundamental 

MR parameters (T1) using the most robust technique (inversion 

recovery) in a standardized phantom (ISMRM/NIST system 

phantom)?
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Material

Quantitative MRI NIST phantom

● Produced and sold by CaliberMRI

● Two versions

○ Version 1: SN < 0042

○ Version 2: SN ≥ 0042

If unaccessible, participants were 

encouraged to submit human data with 

institutional ethics approval and consent 

for open data sharing.



Imaging Protocol

Barral, J.K., Gudmundson, E., Stikov, N., Etezadi‐Amoli, M., Stoica, P. and Nishimura, D.G. (2010), A robust 

methodology for in vivo T1 mapping. Magn. Reson. Med., 64: 1057-1067. 
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http://www-mrsrl.stanford.edu/~jbarral/t1map.html

Data Processing:
T1 fitting code

http://www-mrsrl.stanford.edu/~jbarral/t1map.html
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https://www.qmrlab.org

Data Processing:
T1 fitting code

https://github.com/qMRLab/qMRLab
https://github.com/qMRLab/qMRLab


8
https://osf.io/ywc9g/

Data Processing:
Data sharing

https://osf.io/ywc9g/
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www.github.com/rrsg2020

Data Processing:
Collaborative coding & analysis 

http://www.github.com/rrsg2020


Final Advice to Participants

We encouraged participants to go further and explore other 

questions that interested them.
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Summary of Submissions



Challenge Participants
(NIST phantom data)

Imperial College London

Matthew Grech-Sollars*

Simran Kukran

Ben Statton Case Western Reserve University

Siyuan Hu*

McGill University

Alex Ensworth

Veronique Fortier

Anastasia Kolokotronis

Ives Levesque*

University of Southern California

Nam Lee*

Philips Canada

Guillaume Gilbert*

Polytechnique Montréal

Alexandru Foias

Agah Karakuzu*

University of Wollongong

Madeline Carr*

Lois Holloway

Robba Rai

Henry Ford Health System

Niloufar Zakariaei*

MD Anderson

Chenyang Wang* University of California, Los Angeles

Nyasha G. Maforo*

Kevín Moulin

Seraina A. Dual

Daniel B. Ennis

Douglas Brain Imaging Centre

Jamie Near*

University of Gothenburg

Oscar Jalnefjord*

Philips Germany

Mariya Doneva

Peter Koken

Burkhard Maedler*

Christian Stehning*

Kilian Weiss*

Shuo Zhang*

*People listed as contacts for submitted datasets
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Challenge Participants
(Human data)

Imperial College London

Matthew Grech-Sollars*

Simran Kukran

Ben Statton

Case Western Reserve University

Siyuan Hu*

McGill University

Alex Ensworth

Veronique Fortier

Anastasia Kolokotronis

Ives Levesque*

University of Wollongong

Madeline Carr*

Lois Holloway

Robba Rai

Philips Germany

Mariya Doneva

Peter Koken

Burkhard Maedler

Christian Stehning*

Kilian Weiss

Shuo Zhang

University of Southern California

Nam Lee*

University of Texas Health Science 

Center at Houston

Refaat Gabr*

Ponnada Narayana

Vipulkumar Patel

University of Trento

Jorge Jovicich*

Nicola Pace

Stefano Tambalo

University of Padova

Mariagiuglia Anglani

Alessandra Bertoldo

Francesco Causin

Marco Castellaro*

Manuela Moretto

Agnese Tamanti

National Autonomous 

University of Mexico

Melissa Bass

Luis Concha*

Arturo González

Erick Pasaye-Alcaraz

Alonso Ramírez-Manzanares

*People listed as contacts for submitted datasets
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Summary of Submissions

Datasets

Total # of submissions: 19

CaliberMRI/NIST phantom

○ # of T1 datasets: 41

Human subjects

○ # of T1 datasets: 56

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

Vendors: GE, Philips, Siemens.
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http://rrsg2020.herokuapp.com/

Agah Karakuzu

http://rrsg2020.herokuapp.com/
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Summary of Submissions

“Custom” Subdatasets

NIST

Philips, Germany

● Traveling-phantom, 7 scanners

University of Southern California 

● Scan-rescan (day 1 vs. day 2)

● Same-day scans on two MRIs

● Short TR vs. long TR

Henry Ford Health System

● 4 point vs. 14 point scans

MD Anderson

● Scan-rescan (day 1 vs. day 2)

University of California, Los Angeles

● Prisma vs. Skyra 

Human

University of Southern California 

● 6 subjects

University of Trento

● 20 channels vs. 64 channels

National Autonomous University of Mexico

● 13 subjects, GE vs. Philips



Preliminary Results



Raw T1 Maps

NIST phantom Human volunteers

Work In Progress

https://github.com/rrsg2020/t1_fitting_pipeline

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

https://github.com/rrsg2020/analysis/blob/master/02-wholedataset_gif_Human.ipynb
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https://github.com/rrsg2020/t1_fitting_pipeline
https://github.com/rrsg2020/analysis/blob/master/01-wholedataset_gif_NIST.ipynb
https://github.com/rrsg2020/analysis/blob/master/02-wholedataset_gif_Human.ipynb


NIST Phantom



ROI Selection
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ROI template and labels

Work In Progress

Phantom ROI mask template generation code 

contributed by Zydrunas Gimbutas and Andrew 

Dienstfrey from the National Institute of Standards and 

Technology (NIST).

https://github.com/rrsg2020/analysis

https://github.com/rrsg2020/analysis/blob/master/03_singledataset_scatter_NIST.ipynb


Registration
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Intermediate registration step

Work In Progress

Automatic registration pipeline contributed by Julien 

Cohen-Adad from NeuroPoly at Polytechnique 

Montréal.

https://github.com/rrsg2020/analysis

https://github.com/rrsg2020/analysis/blob/master/03_singledataset_scatter_NIST.ipynb


Phantom: Example Dataset
Site ID: 6.001
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Work In Progress

https://github.com/rrsg2020/analysis/blob/master/03_singledataset_scatter_NIST.ipynb

https://github.com/rrsg2020/analysis/blob/master/03_singledataset_scatter_NIST.ipynb
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Work In Progress

Phantom: Example Dataset
Site ID: 6.001

https://github.com/rrsg2020/analysis/blob/master/03_singledataset_scatter_NIST.ipynb

https://github.com/rrsg2020/analysis/blob/master/03_singledataset_scatter_NIST.ipynb


Phantom: All Datasets
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Work In Progress

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

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


Phantom: All Datasets
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Work In Progress

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

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


Phantom: All Datasets
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Work In Progress

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

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


Phantom: All Datasets
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Work In Progress

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

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


Human Volunteers
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Brains: Manually Segmented ROIs
Work In Progress

*Genu was selected as WM ROI when slice position made it possible. Otherwise, right or left frontal white matter ROIs were selected.

https://github.com/rrsg2020/analysis/blob/master/08_wholedataset_scatter_Human.ipynb

https://github.com/rrsg2020/analysis/blob/master/08_wholedataset_scatter_Human.ipynb


Open Questions

< 5% CoV across vendors within human range values for NIST 

measurements.

Is the Barral fitting model the best & most practical one available?

Can we measure accurate T1 using inversion recovery with a short TR?

What range of T1 values can we accurately measure with this protocol?
31

Main Takeaway



Moving Forward

Dataset quality assurance.

Temperature calibration of  phantom T1 data.

Further explore several of the interesting subdatasets submitted.

Statistical analyses.

Publication(s)?

• Everything is setup to accompanying reproducible figures/pipelines.

• Could leverage services like MyBinder, NeuroLibre, or CodeOcean.

Contributions welcome!
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