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Primer: Magnetic Resonance
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Primer: Magnetic Resonance
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Primer: Magnetic Resonance
Imaging (MRI)

(Pulse Sequence: MPRAGE)




Primer: Magnetic Resonance
Imaging (MRI)

(Pulse Sequence: Sagittal TruFISP)




Primer: Magnetic Resonance
Imaging (MRI)

(Pulse Sequence: Gradient Echo, RF flip angle = 3 degree)




Primer: Magnetic Resonance
Imaging (MRI)

(Pulse Sequence: Gradient Echo, RF flip angle = 15 degree)




Primer: Magnetic Resonance
Imaging (MRI)

(Pulse Sequence: Gradient Echo)




Primer: Magnetic Resonance
Imaging (MRI)

(Pulse Sequence: MT-weighted Gradient Echo)




Primer: Interpretation of clinical

RAMI fitace e =
Lea Alhilali, MD &
I Tieach ptaygnab

/Do radinlogists sound like thay are speaking a different languags when
they talk abeput MRTT

T1 shortening what? T2 prolongation whoe?

Here's a translation ntrosductory thread to MRI

https://x.com/teachplaygrub/status/184731426180817306
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Primer: Interpretation of clinical

MRI imaaes
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Primer: Interpretation of clinical

MRI images
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Primer: Interpretation of clinical

ﬂ Lea Alhiall, r.ll:h:a
ekt ko diffusion or DWW
Giffusion is prmarily ko detect stroke. Acute strokes ase brightan diffusion.
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MRI: medical vs measurement

applications

~ The MAGNETOM MR system is not a device with measuring

l function as defined in the Medical Device Directive (MDD).
Quantitative measured values obtained are for informational
purposes and cannot be used as the only basis for diagnosis.

Siemens Magnetom Operator’s Manual
Print No. MR-05024.640.02.02.24




MRI: medical vs measurement

applications

[Coge pf Federal Eeguiations] [ Sea Related
[Title 21, Voluma B8] L Information

[CITE: 21CFR8%2.1000]

TITLE Z21--FOOD AND DRUGS
CHAPTEE I--FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEATLTH AND HUMAN SERVICES

SUBCHAPTER H - MEDICAL DEVICES

BART 852 == ERADIOLOGY DEVICE

Subpart B - Diagnostic Devices

Sec. #52.1000 Magnetic resonance diagnostic device.

(a} Identificaticon. A magnetic resonance diagnostic device is intended for general
disgnostic use to present images which reflect the spatial distribution and/cr magnetic
resonance spectra which reflect freguency and distribution of nuclei exhibiting nuoclear
magnetic resonance. Other physical parameters derived from the images andyor spectra may
glsc be produced. The device includes hydrogen-1 [proton} imaging, sodium-23 imaging,
nydrogen-1 spectroscopy, phosphorus-3l spectroscopy, and chemical shift imaging (preserving
simultaneons frequency and spatial Information}.

(b} Classificaticn. Class II (special controls), A magnetic rescnance imaging dispos=sable
kit intended for use with a magnetic resonance diagnostic device only is exempt Ifrom the

premarket motification procedures im subpart E of part BOT7 of this chapter subject to the
Limitations in 5 8940,

(53 FR 5078, Feb. 1, 1989, as amended at 84 FR 71818, Dec. 30, 2019]




Quantitative MRI

Adapting the MRI machine to
behave as scientific measurement
device



MRI Quantitative Imaging

Biomarkers
T, (signal recovery ms Aging, myocarditis, tumors
time)
T, (signal decay time) ms Demyelination (MS), ACL injuries
Diffusion coefficients s‘mm? Stroke, ALS, emphysema
Flow cm-s Aortic dissection, vascular stenosis
Perfusion mL/100 g /min Acute stroke, predicting hemorrhages
Magnetization transfer Pool Size Ratio F = unitless Macromolecules / demyelination
& Chemical exchange Exchange rates k; & kr > s (MS), Acute stroke, tumors
Magnetic ppm Iron (MS, Alzheimer's, microvascular
Susceptibility disease)

Conductivity > S'm

(S: “Siemens” > kg '-m=—2.s®.Amperes?)
Conductivity & o Tumors, thermal ablation planning,
permittivity Permittivity > F-m-~ MR safety
(F: “Farads” - kg'-m3-s*Amperes?)



MRI Field Properties

Electromagnetic field Example
Applications

Shimming

Quantitative Susceptibility

B, (main magnetic field) Tesla (T), Hz, ppm Mapping

RF pulse offset (e.g.,
Magnetization transfer & chemical
exchange)

RF flip angle correction

B,* (transmit RF field MT, Volts -m, normalized units = Magnetization transfer RF pulse
amplitude) power correction



Quantitative MRI: Road to

Standardization
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) MR
Lab

Quantitative MRI. Under one umbrella.




Major Publications

Quantitative Magnetization
Transfer Imaging Made
Easy with gMTLab:
Software for Data
Simulation, Analysis,

and Visualization
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Cabana et al., (2015), Quantitative magnetization transfer imaging
made easy with gMTLab: Software for data simulation, analysis, and
visualization. Concepts Magn. Reson., 44A: 263-277. https://doi.org/1

0.1002/cmr.a.21357

JESS

The Jomrmal of Cpen Source Software
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qMRLab: Quantitative MRI analysis, under one umbrella

Agah Karakuzu' °, Mathieu Boodreau' °, Tanguy Duval’, Tommy
Boshkowski', llana R. Leppert®, lean-Frangois Cabana®, lan Gagnon',
Pascale Beliveau', G. Bruce Pike” *, Julien Cohen-Adad® *, and Nikola
Stikov' ©

1 MeuroPoly Lab, Institute of Biomedical Engineerng. Pobtechnrjue Mostreal, Mostreal, Carada 2
MeConnell Brain Imaging Center, Montreal Neurclogical betitute, MoGill Unieeraty, Monkreal
Canada 3 Functional Newoimaging Unr, CRIUEM, University of Montraal, Mentmal, Canada 4
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Karakuzu et al., (2020), gMRLab: Quantitative MRI analysis, under
one umbrella. Journal of Open Source Software, 5(53), 2343,
https://doi.org/10.21105/joss.02343
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Quantitative MR,
Under one umbrella.
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wuantitative MEI.
Under one umbrella.

Relaxomelbry
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AE.
Quantitative MEI.
Under one umbrella.

hitps://gmrlab.org Biffusion imaging
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AE.
Quantitative MR,
Under one umbrella.
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AE.
Quantitative MR,
Under one umbrella.
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Quantitative MRI Books

Quantitative h-!:i_%;m.'n:: uantitative MRI
Resonance Imaging ofthe Brain

Juantitative Perfusion MRI Guantitative MR in Cancer

Technvanies. Agafrarians awal Praniioal |
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Quantitative-
MR

MOOC

(mini-Open Online Course)



2! gMRIMOOC

Quantitative MRI mOOC
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Quantitative MR mOOC
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The steady-state kagludinagl magneatization of an imversion recowary scperiment can be derved
from the Bloch equations for the pulse sequence {#ian — Tl — fyz0 - (TR-TI, and & given by
| — cos(Braale™® — [1 — coa(Bha)le™ B
M(TT) = M, i) i i_f”]' (2.1}

1 — cos(fhe joos(fee)e ’

where M, iz the longitudinal magnetization prior to the S pufse. IF the in-phase real signal is
desired, it can be calculated by multiplying Eq. 2.1 by kesin (fuw) e TE/L: \whare k is a constant.
This general equation can be simpdified by grouping togather the sonstants for each
measurements regardiess of thed values {i.e. at each T1, same TE and o are used) and

assuming an ideal merson pulse;

MATT =C{1l—2e B e &) 12.2)
where the first thres terms and the denormdnator of Er. 2.1 have been grouped togather inko the
constant . If the exparimant is designed such that TR is long erough to allove for il relaxation
ol the magnetization (TR > 5_T_a), we cancda an additional approximation by dropging the last
terrnin Eq. 2.2:

N ITTT -k

http://qmrlab.’org/mooé/
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Quantitative MR mOOC following section. Wraps can also.ocour spatisiy as sharp varistions as seen in thi following
figura. Note that the longer the echo tirmes, the more wraps thare ara.
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of the gignads frony both myelin waler (MW and infrajecirscellulss water (IEW), &2 iobows :

Quantitative MR mOoc S(TE) yyws = Sarwe TE Thuw | St TE/Tarum {37}
t (e |
introd n To qMR + Figure 35 presents an example of mull-expenental T; Niling apgelied teoan image af the spral
T1 Mapping % gard The figure shows e myesbn waler fraction (MWF) map, which highhghts Me dstribubsan of
mrelin wisber aoros the spinal cond, a5 well as 1he T2 omaps for intrafesirsce| uiar sater and
T2 Mapping b iy elin wisler The mulli-exponeni=t itbng approach allows fof the saparatan of thease
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mtradisction
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Figure 2.2.

Click here to view the gMRELab (MATLAB/Octave) code that genarated

% verbasity lewel B overrides the disp function ard supresses warnings.

% Dnoe executed; they canmat be restored in This session
& |[kargal needs Lo be restarted or B new nclaboak up&ned.ll

VERBOSLITY LEVEL = B;

1T VERBOSITY _LEVEL=—8

& This hBcH Was used 10 SUDress guipuTs Tron external ToolLs

% in the Jupyler Book,

function dispfxl]

wnd

warningl toft' tall']
and

try’
i g¥ALab
catch
Ley
cd e d s o/ gARLakE

catch
cd . SgMRLak
and
and

startup
thear all

%% Setup parameters
% ALl times are in seconds
% 411 flip angles are in dogress

parans. Th = 5.8;
parans. Tl = Linspace{d.88%, parens.TH, 1AQB);

http://gmrlab.org/mooc/
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@j gMRI mOOC 1 Search . ||K :E;j Discussions qklRLab : MeuroPoiy

Exercises
Quantitative MRI mOOC ,
T1T Mapping
Introduction To gh4RI b _
Maihlsu Boudreau MWeuroPaly Lab, Polytechnique Montreal, Quebec,
. Canada
T1 Mapping b
Octaker 7, 2034
Inversion Recovery >
; . Exercise 1
Variable Flip Angle >
MP2RAGE b a, Using the Platly figure in the inversion recovery section that displays the signal curves for
Exercises white ratter, gray matter, and C5F, determine the inversion times that rull the signal from
each of these tissues,
T2 Mapping > . :
b. In practice, vou may net have this type of interactive figure at the scanner. Using the three
B1 Mapping " vatues nulling Inversion time values above, can you find an easy way to approsimate the
riulling tme for any arbitrary Ty value?
B0 Mapping »
e ¢, Assuming that the images scquired at the MRI scanner displays magnitude-only images,
Magretization Transfer . e ity . ¥
Waging > at approximately which inversion time will the white matter and grey matter have the lowest

contrasty

d. Which mversion time would result in the best contrast between white matter and grey

matier?

D

‘Discuss on GitHub

B piEde with MYST
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the gMRLab software



Offical Documentation

b il ) Docs . How to install € Tdit on Githluk:
How to 1nstall
CcU Dacker
I"'uMTL,ﬂ.EI GNU Deta
>R2a1ln G 9 2E
=4.2.8

qMRLab in MATLAE

= Minirurn reguised version: R2014b

L Horey to-install ;
= Reguired MATLAB products:
qbtdRLab in MATLAS
Rl in Getane o frmape Processing Toolbos

: = Oplimizagen Toalbox
giRLabin Decker g

ooy o dite? » Available interfaces

= Graphical User interface (G I
= Commend Line Intertace {CLE ¢

Hecinner's ssamale with GUl

Ifyou hawe a MATLAR loenss, pou can caslly start using qriRLab;
ke with CLI

1. Dewnload the latest stable refegde hers.

gmrlab.readthedocs.io/en/master/install.html



qmrlab.readthedocs.io/en/master/install.html
qmrlab.readthedocs.io/en/master/install.html
qmrlab.readthedocs.io/en/master/install.html
qmrlab.readthedocs.io/en/master/install.html
qmrlab.readthedocs.io/en/master/install.html

Blog post: SOP for installation

bl

Lk HETIE Blag IERrE ™ Devalnpnrs = _51 Gereirilniad
Shara @ Wathieu Baudreau ':_-Fclll:-'-'_ ¥ uthaor
o SOP series: Introduction to gMRLab and
2 installation
Introduction

This gMRLab standard operating
procedure (S0P} series is intended to be
a step-by-step guide on how to process
gquantitative MRI data using gMRLab. In
this blog post, we'll guide you through
installing gMRLab, and upcoming blog
posts will provide S0Ps for specific
gMRLab modules.

amrlab.org/jekyll/2024/04/17/gmrlab-sop.html
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Overview

of the gMRLab interface
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simulate and fit
a single “voxel” of data
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view and edit protocol
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How to...

download a demo dataset
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How to...

visualize loaded datasets
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How to...

verify the fit of a single voxel
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Other options:

command line interface (CLI)
scripting and batch demos
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prErposes and Octava.

processing far gnt_spgr on CLL.

Weitter by: Agah Marskuzu, 2817

L R Y S

Please execute Lhis m-Tile sectlan by-seclion Lo get

pema files are downicaded into gmt spgr_data felder.

This n—file haz been sutonetically penerated wsing chPRgerBatchiqnl sagri
Comnand Line Interface (CLIT1 is well-suited for autcmatization

tamLLliar with batch

% I- DESLRIFTION
QHRLHTD['HII'L_EDEH"H b Deooribo the nodel

%% 11- MODEL PARAMETERS

LN a- create chiect

Hodel = omt_spar;

W b= modify opticns

% This sectian will pop=up the options GLl. Close window to cantipuc.
5 - Octave is not GUI compatible., Hodity Medel.options directly.

Hodel = Coston OplionsGUI(Hodel): % You need B0 clase GUI Lo nove an,

%% ITI1= FIT EXPERIMENTAL OATASET
£ a- g8t protocels via gui

Argle = [14Z.0800; 426.8380; 142, 8800; 426,08908; 142.0400; 426.0880; 142,8809; 426.0490; 142.0408; A26.0404f;

% Angle is a wector af [14Xi)

qmt_spgr_batch.m

Offset = [£42, 8400; 243, 3800; 105H.GABE; 1HO0. QBES; 2732 PBAd; 2732 B3Qa; SOGF.3800; GARI.A0BE; 17235 08044; 17235, 4d4an] ;

5% Dffset 15 o vootor of [16X1]
Hodel.Prot.WTeata,Mat = [ Angle Dftset];
LT

Tl = 6,8182;

T= = @.Bi3;

Tp = 0. Bd1E;

Tr = 8,.81;

TE = 8,825;
ﬂqul.PQELLTinéﬂquhlﬁ:HuL = L_Fql_ Ts TE_ Tr
=

L] b= lead exparimental data
5

L |- MTdata

% |-  Rimap

& |= Bimap

% | BEmazn

5 |- Hask

date = structl]:

L%

|- amt_spar obiect needs 5 -gata inputfs) te be assigned:

script



Recent work using qMRLab:
ISMRM T, Reproducibility Challenge

Fetesesd: LF Ociplier 2023 Berrlsed 21 Marcz 2024 Swoepoed: 23 Marco 2024

TH0: VLS e AL L]

TRECHNICAL NOTE Mapnetic Resomance in Medicine

Repeat it without me: Crowdsourcing the T mapping
common ground via the ISMRM reproducibility challenge

Mathieu Boudreau'“© | Agah Karakuzu'® | Julien Cohen-Adad!->342

Ecem Bozkurt® | Madeline Carr’*© | Marco Castellaro® = Luis Concha'®® |

Mariya Doneva'' | Seraina A. Dual™ | Alex Ensworth'** | Alexandru Folas' |
Véronique Fortier'™" | Refaat E. Gabr'"" | Guillaume Gilbert™ |

Carri K. Glide-Hurst” | Matthew Grech-Sollars®#©  Siyuan Hu?®?

Oscar Jalnefjord®32* 0 | Jorge Jovicich®® | Kiibra Keskin® = Peter Koken!! |

Anastasia Kolokotronis™" | Simran Kukran®™™" | Nam G. Lee" Ives R. Levesgue'*
Bochao Li*® | Dan Ma* | Burkhard Midler* | Nyasha G. Maforo*-*

Jamie Near™™©  Erick Pasaye” Alonso Ramirez-Manzanares> | Ben Statton™ O |
Christian Stehning® Stefano Tambalo® | Ye Tian®® | Chenyang Wang® |

Kilian Weiss® | Niloufar Zakariaei®  Shuo Zhang®© | Ziwei Zhao®

Nikola Stikoy!~4% on behalf of the ISMREM Reproducible Research Study Group and
the ISMEM Quantitative MR Study Group

https://doi.org/10.1002/mrm.30111
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Paper is not enough: Crowdsourcing the Ty mapping common ground via the
ISMEM reproducibility challenge

“Mathieu Boudreau'”, "Agah Karakuzun', Julien Cohen-Adad®***, Ecem Bozkurt®, Madeline Carr™#, Marco Castellaro®, Luis
Concha'®, Mariya Doneva'!, Seraina A, Dual™, Alex Ensworth™* ™, Alexandru Foias', Véronique Fortier'™'®, Refant E. Gabr'?,
Guillaume Gilbert', Carri K. Glide-Hurst', Matthew Grech-Sollars®®*!, Siyoan Hu*, Oscar Jalnefjord*™*, Jorge Jovicich™,
Kiibra Keskin®, Peter Koken'', Anastasia Kolokotronis"*, Simran Kukran®™®, Nam. G. Lee®, Ives B. Levesgue'*~¥, Bochao
Li%, Dan Ma®, Burkhard Midler™, Nyasha Maforo™*, Jamie Near'™ ™, Erick Pasaye', Alonso Ramirvez-Manzanares®®, Ben
Statton™ Christan Stehning®, Stefano Tambalo®™, Ye Tian®, Chemyvang Wang”, Killan Weiss™, Niloufar Zakariaei™, Shuo
Zhang™, Ziwel Thao®, Nikola Stikoy! 22

*Authors MB and AK contributed equally to this work
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Paper is not enough: Crowdsourcing the T} mapping common ground via the
ISMRM reproducibility challenge

“Mathieu Boudrean'*, "Agah Kamkuzu', Julien Cohen-Adad'***, Ecem Bozkurt®, Madeline Carr™*, Marco Castellaro®, Luis
Concha', Mariva Doneva', Seralna A. Dual™, Alex Ensworth™", Alexandru Folas', Véronlgoe Fortler'®'®, Refaat E. Gabr'”,
Guillaume Gilbert'®, Carri K. Glide-Hurst', Matthew Grech-Sollars™, Siyuan Hu®, Oscar Jalnefjord®**, Jorge Jovicich®™,
Kiibra Keskin®, Peter Koken, Anastasia Kolokotronis™*, Simran Kukran®™**, Nam. G. Lee®, Ives R. Levesque'™™, Bochao
Li*, Dan Ma*, Burkhard Midler™, Nyvasha Maforo™*, Jamie Near™™, Erick Pasayve', Alonse Ramirer-Manzanares™, Ben
Statton™ Christinn Stehning®, Stefano Tambalo®, Ye Tian®, Chenyang Wang?, Kilinn Weiss™, Niloofar Zakarizei®®, Shuo
Fhang™, Fiwei Zhao®, Nikola Stikov™*"*

“Authors ME and AK contributed equally o this work
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ISMRM Afterparty
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Kistler Blumenthal and Martin Dokumaci and David and Antoine Klauser

Uecker Carmichael

Q&A with Layla Tabea - .
Riemann ugﬁriuu Q&A with Agah Karakuzu QE&A with Yaél Balbastre Q&A with Joseph Waods Q&A with Kyle Gilbert and
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Reproducible Research Insights

Reproducible Research
Insights with Barbara
Dymerska, Korbinian Eckstein
and S5imon Robinson
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Reproducible Research
Insights with Santiago Estrada
and Martin Reuter

Reproducible Research
Insights with Paula Ramos
Delgado and Thoralf Miendorf

Reproducible Research
Insights with Henric Rydén
and Stefan Skare

Reproducible Ressarch
insights with Steven Whitaker,
Jon-Fredrik Niglsen and |eff
Fessler

Reproducible Research
Insights with Shahrokh
Abbasi-Rad, Markus Barth,
and Steffen Bollmann

Reproducible Research
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Reproducible Research
Inskghts with Sebastiano
Barbierl, Oliver Gurney-
Champion, and Harriet Thoeny
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