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MRI

Resonance

Magnetic Imaging



https://www.youtube.com/watch?v=SwH2OEB0DKU
https://www.youtube.com/watch?v=p3WnFYBnghU
https://www.pcc.edu/programs/mri/admission.html
http://theconversation.com/the-science-of-medical-imaging-magnetic-resonance-imaging-mri-15030

Body is composed of 70% H,0
MRI relies on the magnetic
properties of a hydrogen

atom to produces images
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https://www.youtube.com/watch?v=mz36Yik5VJw
https://www.youtube.com/watch?v=djAxjtN_7VE
https://www.youtube.com/watch?v=djAxjtN_7VE

Due to this, they have a magnetic field and can be seen as little bar magnets.
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magnelnc veciof Due to this, they have a magnetic field and can be seen as little bar magnets.
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Due to this, they have a magnetic field and can be seen as little bar magnets.

loop of current
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http://astro.unl.edu/naap/hydrogen/levels.html
https://www.youtube.com/watch?v=p3WnFYBnghU
https://www.youtube.com/watch?v=p3WnFYBnghU
https://books.google.co.il/books?id=BAZVxm3j4NcC&pg=SA1-PA3&lpg=SA1-PA3&dq=mr+active+nuclei+++carbon&source=bl&ots=iJD5HQKycw&sig=u5gP94YUr9ras_h4M1ZotmECfyU&hl=en&sa=X&ved=0CCMQ6AEwBGoVChMIi-ihq_TmxwIVQT8aCh3VnA6L
http://www.google.co.il/url?url=http://wps.prenhall.com/wps/media/objects/340/348272/Instructor_Resources/Chapter_13/Wade13.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBMQFjAAahUKEwjXkte28ObHAhUH7hoKHQSnA5Q&usg=AFQjCNHw-SIB_oLpSKiX1R2K6HiBhwMMTw
https://www.youtube.com/watch?v=p3WnFYBnghU

MR active nuclel continued..

Important Examples

1 The nuclei with odd

mass humbers Hydrogen
undergoes this Carbon
Interaction Nitrogen
1 The result of this Oxygen
interaction is angular Fluorine

momentum or spin Sodium

Phosphorus
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) Cancelling each other 2>
overall magnetic field

is ZERO
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https://www.youtube.com/watch?v=SwH2OEB0DKU
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://donaldproy.com/2015/07/01/values-the-compass-to-guide-your-career/
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
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» parallel

® anti-parallel

In an external magnetic field they align parallel or anti-parallel
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http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
https://www.youtube.com/watch?v=p3WnFYBnghU
http://www.simplyphysics.com/page2_2.html
https://www.youtube.com/watch?v=djAxjtN_7VE
http://www.scmr.org/assets/files/members/documents/GE_physics_2_for_SCMR.pdf
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http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://research.physics.lsa.umich.edu/chupp/Physics290/2003Lecture14.pdf
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https://www.youtube.com/watch?v=mz36Yik5VJw

Precessional frequencies of
Hydrogen
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1 Tesla= 10,000 Gauss
=15T=15,000 Gauss

Farths magnetic field =0.5 Gauss
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http://www.google.co.il/url?url=http://scrsl.weebly.com/uploads/5/1/3/0/5130772/magnetic_resonance_imaging1.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBMQFjAAahUKEwiP-oHn9ubHAhVIuBoKHe0CCHI&usg=AFQjCNHJjI_5jVnrTzL4XcTK1k1L1p8T8A
http://www.howequipmentworks.com/mri_basics/
http://www.mrinotes.com/

But as there are more paraliel protons on the lower energy level ("pointing Al of these protons pointing up, add up their forces in the direction of the
Paralle! and anti-parallel protons can cancel each others forces out up®), we are left with some protons, the magnetic forces of which are not external magnetic field.
cancelled
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Magnetization (M,) in pixel =
sum of all proton magnetizations
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https://www.youtube.com/watch?v=p3WnFYBnghU
https://www.youtube.com/watch?v=p3WnFYBnghU
https://www.youtube.com/watch?v=p3WnFYBnghU
https://www.youtube.com/watch?v=D1ICDk6jkSw
https://www.youtube.com/watch?v=zf5oX01bRgk

Magnetization (M,) in pixel =

Reference 4y~ Magnet sum of all proton magnetizations
Coordinate bore
Z B,
case gl
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http://www.jcmr-online.com/content/12/1/71/figure/F1
https://www.youtube.com/watch?v=zf5oX01bRgk
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://www.stat.columbia.edu/~martin/Tools/MRI_Made_Easy.pdf
https://www.google.co.il/url?url=https://cfmi.georgetown.edu/get_file.php?file=50&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CBMQFjAAahUKEwjJzcHAzJLIAhVGVBQKHaWnBVE&usg=AFQjCNHbk_BGnCzRxyp9o6h8OW-uNXxO-Q
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And so when we put the patient in the MR magnet, he has his own magnetic
field, which is longitudinal to the external field of the MR machine's magnet
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https://www.youtube.com/watch?v=etT6U79fs8U
https://www.youtube.com/watch?v=etT6U79fs8U
https://www.youtube.com/watch?v=djAxjtN_7VE
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http://www.revisemri.com/questions/basicphysics/zeeman_splitting
http://research.physics.lsa.umich.edu/chupp/Physics290/2003Lecture14.pdf
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https://www.youtube.com/watch?v=D1ICDk6jkSw
https://www.youtube.com/watch?v=D1ICDk6jkSw
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http://sites.sinauer.com/neuroscience5e/animations01.01.html
http://sites.sinauer.com/neuroscience5e/animations01.01.html
http://sites.sinauer.com/neuroscience5e/animations01.01.html
http://www.simplyphysics.com/page2_4.html
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http://www.sprawls.org/mripmt/MRI04/index.html
https://www.youtube.com/watch?v=mz36Yik5VJw
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The strength of the MR signal is shown in [blue] and
is egual to the projection of the magnetization on the
transverse ar 'imaging” plane. Large flip angles vield larger
MR signals.
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http://www.ccn.ucla.edu/BMCweb/SharedCode/SpeedLimit/SpeedLimit.html
http://www.scmr.org/assets/files/members/documents/GE_physics_2_for_SCMR.pdf
http://www.google.co.il/url?url=http://radiology.med.sc.edu/mri.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CB8QFjABahUKEwih_b-TsvTHAhXJWhQKHYuiCMk&usg=AFQjCNEhRRWz1LWzZIiS3ShkcStzTTV_8w
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
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http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://www.scmr.org/assets/files/members/documents/magnets_spins_resonances.pdf
http://www.revisemri.com/questions/basicphysics/fid
https://www.youtube.com/watch?v=etT6U79fs8U
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https://www.youtube.com/watch?v=YUSZoLBgSuA
https://www.youtube.com/watch?v=YUSZoLBgSuA
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http://www.escardio.org/static_file/Escardio/Subspecialty/EACVI/CMR Physics Pocket Guide iBook v1.0.pdf
http://www.escardio.org/static_file/Escardio/Subspecialty/EACVI/CMR Physics Pocket Guide iBook v1.0.pdf
http://www.escardio.org/static_file/Escardio/Subspecialty/EACVI/CMR Physics Pocket Guide iBook v1.0.pdf
http://www.escardio.org/static_file/Escardio/Subspecialty/EACVI/CMR Physics Pocket Guide iBook v1.0.pdf
https://www.youtube.com/watch?v=D1ICDk6jkSw
https://www.youtube.com/watch?v=D1ICDk6jkSw
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https://www.youtube.com/watch?v=4BhM7V8uHL8
https://www.youtube.com/watch?v=4BhM7V8uHL8
https://www.youtube.com/watch?v=4BhM7V8uHL8
https://www.youtube.com/watch?v=4BhM7V8uHL8
http://sites.sinauer.com/neuroscience5e/animations01.01.html
http://sites.sinauer.com/neuroscience5e/animations01.01.html
http://sites.sinauer.com/neuroscience5e/animations01.01.html
http://sites.sinauer.com/neuroscience5e/animations01.01.html
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M, follows an exponential recovery,
- recovering towards its equilibrium value
z'm‘gnet"‘("h:'; M, with a time constant T1

equilibrium value,
M,

0 T1 time time
constant

T1 relaxation process. Diagram showing the process of T1 relaxation after a 90° if pulse is applied at
equilibrium. The z component of the net magnetisation, M. is reduced to zero, but then recovers

gradually back to its equilibrium value if no further rf pulses are applied. The recovery of M_is an

exponential process with a time constant T1. This is the time at which the magnetization has
recovered to 63% of its value at equilibrium.

ITAIN X7 T1 D7 21N DIIRN DIWN W qion 7y yaaxn? nwyp
63% w2 v ™ TANT1 AT DN, D7YIN DIPWN 1AW 1D

. NAYIN NN N'OAIXN N'01anNnnn


https://books.google.co.il/books?id=GCIrzKiSKqEC&pg=PA21&lpg=PA21&dq=planck+constant+++larmor+++mri&source=bl&ots=Ph6_eBmNAc&sig=qkB1p2KASpu4QQSLtJWCmKzlNBg&hl=en&sa=X&ved=0CCEQ6AEwAzgKahUKEwiGpcThhPHHAhXjZtsKHYYhAlc
http://www.jcmr-online.com/content/12/1/71/figure/F3
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https://nationalmaglab.org/education/magnet-academy/learn-the-basics/stories/mri-a-guided-tour
http://mri-q.com/how-do-z-gradients-work.html
http://magnetic-resonance.org/ch/03-04.html
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https://www.youtube.com/watch?v=jWRIKNeCXjI
https://www.youtube.com/watch?v=jWRIKNeCXjI
http://www.google.co.il/url?url=http://scrsl.weebly.com/uploads/5/1/3/0/5130772/magnetic_resonance_imaging_5_encoding_and_image_formation.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCUQFjADahUKEwjSoJvb25_IAhVJWxQKHZegA0g&usg=AFQjCNGyeLX-GhA2Qpj0Kl_Yjw5DlWsHXw
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The effects of the main magnetic field and the applied slice gradient. Inthis
example, the local magnetic field changes in one-Gauss increments accompanied by

achange in the precessional frequency fromchin to the top of the head.
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http://www.nano-ou.net/eduNanomedicine2.aspx
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https://www.healthcare.siemens.com/magnetic-resonance-imaging/options-and-upgrades/coils/double-loop-array-coil
https://www.healthcare.siemens.com/magnetic-resonance-imaging/options-and-upgrades/coils/double-loop-array-coil
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http://www.iomonitoring.org/mri.htm
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http://mri-q.com/slice-selective-excitation.html
http://www.scmr.org/assets/files/members/documents/GE_physics_6_for_SCMR.pdf
http://www.google.co.il/url?url=http://www.medphysics.wisc.edu/~block/bme530lectures/MRimageFormation.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CDIQFjAFahUKEwjSoJvb25_IAhVJWxQKHZegA0g&usg=AFQjCNHva1uOye9W3gwO9hqzhGx4bs5LZg

» To achieve thin slices, a steep slice select slope
and/or narrow bandwidth is applied

» To achieve thick slices, a shallow slice select slope
and/or broad transmit bandwidth is applied.
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gradient gradient
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So how do we get spatial information?
Back to the Larmor equation.. ®=yB
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Thin slice Thick slice Thin slice
Thick slice

Position

Magnetic Field Strength

i.e. 1 Gauss will increase the frequency by 4.3kHz.
Typical gradient strengths are 2-5 Gauss/cm.
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http://www.google.co.il/url?url=http://scrsl.weebly.com/uploads/5/1/3/0/5130772/magnetic_resonance_imaging_5_encoding_and_image_formation.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCsQFjAEahUKEwiA5PSE7bDIAhUEwBQKHStMALY&usg=AFQjCNGyeLX-GhA2Qpj0Kl_Yjw5DlWsHXw
https://www.google.co.il/url?url=https://www.sacklerinstitute.org/cornell/programs/developing_researchers/talks/JPDyke_20090707-Sackler-MRI-Basics.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CD0QFjAGahUKEwjs4dTtirDIAhVJqx4KHXawBUQ&usg=AFQjCNFmwg3p0ralmxzepTTHcOjD3
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http://www.medscape.com/viewarticle/780917_4
http://www.google.co.il/url?url=http://www.medphysics.wisc.edu/~block/bme530lectures/MRimageFormation.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0CCcQFjAAahUKEwjr96jIhrDIAhVHVj4KHdZPDQA&usg=AFQjCNHva1uOye9W3gwO9hqzhGx4bs5LZg
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K-space i1s the Fourier transform of the MR image
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http://mri-q.com/what-is-k-space.html
http://www.mc.vanderbilt.edu/documents/fmri/files/2013_Phys352A_ImageFormation_03_3.pdf
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http://www.ismrm.org/smrt/chapters/southcarolina/SC2011MR05.pdf
http://practicalfmri.blogspot.co.il/2011/08/physics-for-understanding-fmri_15.html
http://mri-q.com/spin-warp-imaging.html
http://www.cram.com/flashcards/physics-mri-spatial-encoding-mri-2109677

K space

» The data information is stored in the computer memory location
called the K space. Maximum number of lines are 1024

frequency

central

Phase encoding gradient determines
which line of k-space is filled
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These two data points, mirror images across the Conjugate symmetry of P and Q. If
origin of k-space, have identical amplitudes but Gl;h:‘g:nw the data for yn, the other
opposite phases P can be calculated
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Flip Angle

Gradient echo sequence (spoiled GRE). TR=400ms; TE=20ms. Bo=15T.
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http://radiology.queensu.ca/assets/MRI_Articles/MR_Pulse_Sequences_What_Every_Radiologist_Wants_to_Know.pdf
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Parameters and their trade-offs

Parameter | Advantages Disadvantages

TR Increased SNR Increased scan time

increaged |Increased number of slices per acquisition Decreased T1 weighting

TR Decreased scan time Decreased SNR

decreased |Increased T1 weighting Decreased number of slices per acquisition
TE Increased T2 weighting Decreased SNR

increased

TE Increased SNR Decreased T2 weighting

decreased

MNEX Increased SNR of all issues Direct proportional increase in scan time
increased |Reduced flow artefact due to signal averaging

MEX Direct proportional decrease in scan time Decreased SMNR in all tissues Increased flow
decreased artefact due to less signal averaging
Slice Increased SNR in all tissues Decreased spatial resolution and partial
thickness | Increased coverage of anatomy valuming in slice select direction
increasead

Slice Increased spatial resolution and reduced Decreased SNR in all tissues Decreased
thickness | partial voluming in slice select direction coverage of anatomy

decreased

FOW Increased SNR Decreased spatial resolution

increased |Increased coverage of anatomy Decreased likelihood of aliasing

FOW Decreased SNR in all tissues Increased spatial resolution

decreased | Decreased coverage of anatomy Increased likelihood of aliasing

Matrix Increased spatial resolution Decreased SNR if pixel size decreases, If
increased pixel size remains the same, SNR will

increase because more phase encodings
are performed. Increased scan time

Matrix Increased SNR in all tissues if pixel size Decreased spatial resolution
decreased |increases. If pixel size remains the same,
SMR decreases as fewer phase encodings
are performed. Decreased scan time

Receive Decrease of minimum TE Decreased SNR
bandwidih | Decrease in chemical shift
increased
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A spin echo pulse sequence and a gradient echo pulse sequence:
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MULTISLICE SEQUENCE
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2D: TR x Phase Matrix x NEX = Acquisition Time

3D: TR x Phase Matrix x NEX x # of Slices = Acq.
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k-space
diagram
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HASTE/SS-FSE
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RF b L L L L L L L)Ly

Phase / Single Shot Multi-Shot

Representative HASTE/S5-F5E pulse sequence.
Maote asymmetric sampling in phase-encode direction. The peripheral lines on ane side
of k-space are not sampled but estimated by conjugate symmetry.

Half-Fourier Acquisition Single-shot Turbo spin Echo /(Single-shot fast spin echo, SS-FSE)
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STIR, and compare with FLAIR

STIR/TRIM : Short Tau Inversion Recovery,

__________________________________________ =
Fat signal

T, of Various Tissue Types
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T, @ 3.0T
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http://www.indiana.edu/~mri/seminars/slides/fat suppression by Chen Lin.pdf
http://www.indiana.edu/~mri/CE/slides/Inversion Recovery Techniques and Applications 090623.pdf
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M: recovery in STIR.

Signal available from
tissue 1 and fluid

Typical 7, and 7, values in human tissues at 1.5 T
[Tssue T, (ms)  T,(ms) |

Muscle 870 50
Fat 260 80
Liver 490 40
Blood (oxygenated) 1200 200
Blood (deoxygenated) 1200 125
White matter 790 90
Gray matter 920 100
Cerebrospinal fluid (CSF) 4000 2000

TN N7'NNN D INXY NDAIRD A'XT'02anN NIX 1910 180 0719 .180 0719 17 DTIPW 17X |'90 XIN 0T ¥, STIR (Short Tl Inversion Recovery)
09NN NTI NXIN [NIWN 1AW AT NTI Inversion Time ( TI) X171 90 07197 'm7nnnn 180 0719 |2 . T1 nxop' '97 (MO0) n7w 7pwnin gy
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https://nucleus.iaea.org/HHW/MedicalPhysics/TheMedicalPhysicist/Studentscorner/HandbookforTeachersandStudents/Chapter_14.pdf

STIR - Fat Nulling
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Tl = fat null point

Fat (Short T1)
Medium T1
Lang T1

Megative magnetisation

«— Longer T1 = greater signal
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Fat Suppression near Bo Inhomogeneity
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T2w Spin echo
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'] Signal available from
3 fat and tissue 1

M: recovery in FLAIR.
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Double Inversion Recovery
180 180 90

E TI1 : Tlg

The evolution of M, through the inverting intervals NXIDIN NWILA Ya1 MK AN NIKAY (N1
Tl and Tl is sketched for cerebrospinal fluid (F), gray (G), A T DIR -2 % FLAIR Tamma
and white (W) matter.
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http://www.ajnr.org/content/28/9/1645/F1.expansion.html
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Double Inversion Recovery
( Dark Blood )

Double IR (DIR), “Dark Blood”

Black blood DIR image of heart
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http://www.indiana.edu/~mri/CE/slides/Inversion Recovery Techniques and Applications 090623.pdf

Triple Inversion Recovery

180° Inversion

Pulses
Non-
Sel. Sel Sel.
Image
acquisition
module
Tly
>
Tl,
ke e

Inversion Times
Triple IR sequence is similar to a double IR sequence with an additional 180%-pulse attime T, to suppress fat.

T1-weighted double IR image (left) vs

T2-weighted triple IR image (right
DN [IY '1DT7 775 7772 wnwnwtriple inversion recovery (TIR) 1x'mw nn 'w7w 180° 07191 wnnwin? N1
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Conventional gradient echo

TR

I RF I RF

Echo FID
f

.\ FID

Frequency rephase
encode F

dephase

\

TE

FA(®) Tg (ms) Tr (ms)

Weighting
Proton-density | 15-20 | < 10 300
Ty 1520 | 25-30 | 500
T 20+ | <10 | 100-150
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http://www.tina-vision.net/projects/wellcome/mjs_phd_txt/node22.html
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The Steady State
| sewece | Semens | GE | phips

Generic Gradient Echo GRE

Bo

RF-Spoiled GRE FLASH SPGR T1-FFE
Longitudinal Coherent GRE with “FID”
NMV held stead Refocusing £ Shpsx EFE
component Y = e
Coherent GRE with “Echo”
held steady Ralocusing PSIF SSFP T2-FFE
Coherent GRE with Balanced
p » : True FISP FIESTA Balanced FFE
Transverse component held steady FID/Echo” Refocusing
Coherent Balanced GRE using
Dual-excitation css FIESTA-C
Coherent Double GRE using
Combined “FIDs" & “Echoes” DESS MENSA
Spoiled GRE using
Combined Multiple FIDs MEDIC MERGE M-FFE
TurboFLASH (2D) Fast GRE TFE
Uiteafhat GRE MP-RAGE (3D)  BRAVO (3D) 3D T1-TFE
Spoiled 3D GRE Variants VIBE FAME/LAVA THRIVE
GRE Plus SE with Combined Signal TGSE - GRASE

N2N RF 0719 197 mna? IvT17 n'annn nxroaan? ar 'R . nimpan 7w 72,71 anmm ¥ TR -0 12w 27w 1nT
X'an TR20-50 0oy Tn' Flip Angle 30°-45°, pjath 25 TN' NM*'7 N'IIRNENANNN ANXT'01ANN DT 2¥N2 D7
VONVAIR 7V NY'DWN KR'NI residual transverse magnetization(RTM) NXY71 NRT N'ANN N'XT'01AN . DT 2x¥NY
.RTM nI* w' 1R T2 oY 1M1 7 5 NMN2 NINFNA NIRYYZ R T2 DY D7 NNl nimnn

. out of phase (incoherent). NTXD X77 IX in phase (coherent) NTX92 RTM DXN '97 D'AON 17X VIX'TIA 'OX
079N D'INI NT 2101 D'OX N2 77TNW 9720, T2* 21%pwa ninimn Yjp'va ¥ Coherent Gradient Echo

. '9INVINI '9AI7'N |, '9MAIAINX

NYoSwnY nunnl Gradient spoiling IX RF spoiling , RTM 217777 niv'w 'nw 3w | Incoherent(Spoiled) RTM
Gradient Spoiling nyi T1 7177w2a NN 7'y 07271 1T N0'WA 271 NIINNN VOVIIR 7V N'7RNI'N ‘AN RTM
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http://mri-q.com/commercial-acronyms.html
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Spoiling Spoiled Gradient Echo Sequences

“Destroy” transverse magnetization (Mxy) before 1. 2D/3D Spoiled GRE (FLASH/SPGR/T1-FFE) b
- - * Tiwimaging; T1 mapping, B; mapping; Susceptibility
next excitation. Weighted Imaging (SWI)

—Use TR >> T, or T,* (transverse relaxation) 2. 3D Spoiled GRE w. partial K-space Acquisition
— “Crusher” gradient(s) (gradient spoiling) (VIBE/LAVA/THRIVE)

— Change the phase RF excitation pulse (RF spoiling) * Breath hold and dynamic studies; DCE MRI / perfusion
a6, (B, 3. IR-prepped Spoiled GRE (IR-SPGR/MP-RAGE/IR-TFE)
* Improve T1 contrast
4. Multi-echo Spoiled GRE (Dual FFE, MEDIC, ...)
* In & Out of Phase, DIXON; B, mapping; T2* mapping

Spoiled Gradient Echo Sequences

5. MR Angiography and Flow Quantification
* 3D Time-of-flight MRA
* Contrast Enhanced MRA
*  Phase contrast MRA
6. Motion Quantification
* MR Elastography;
* DENSE...



http://www.indiana.edu/~mri/seminars/slides/Gradient Echo Sequences and Applications by Chen Lin.pdf
http://www.indiana.edu/~mri/seminars/slides/Gradient Echo Sequences and Applications by Chen Lin.pdf
http://www.indiana.edu/~mri/seminars/slides/Gradient Echo Sequences and Applications by Chen Lin.pdf

RF pulse 2

Produces own

FID and RF pulse 3
RF pulse 1 rephases FID

of pulse 1

dephasing rephasing

TR

A FID and a spin echo occur at each
RF pulse
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https://books.google.co.il/books?id=Fdilt-iFCZMC&pg=PA45&lpg=PA45&dq=steady+state+free+precession+(+ssfp)+mechanism&source=bl&ots=77znBQ2qJr&sig=DTopZWqn_hJBTBBf5dj5yzvpw6s&hl=iw&sa=X&ved=0ahUKEwia-5vKpa7KAhUEwBQKHWt2CZsQ6AEINzAJ
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Un-spoiled Gradient Echo Sequence

1. FISP/GRASS/FFE
2. PSIF/SSFP/T2-FFE

3. TrueFISP/FIESTA/b-FFE

— Bright blood sequence for cardiac imaging
— Non contrast enhanced renal MRA

— localizer

4. CISS/FIESTA-C
— |AC imaging
5. DESS
— Joint imaging

Refocused Signal(s)

SSFP-FID FID (S+) alone FISP, GRASS, FFE
SSFP-Echo SE/STE (S-) alone PSIF, SSFP, T2-FFE
SSFP-Double FID and SE/STE acquired DESS, MENSA
separately, then combined
SSFP-Balanced FID and SE/STE together TrueFISP, FIESTA, Balanced-FFE

nNIY? FID 1 0T FISP -2, 09730 712'0n '©7 DN 07721 0T 21010 D'OX)
I7XN NXI FID -0 X 11912 0T DESS -2 . 17XN DX 71 D'AAIT PSIF -2 NINT
STN' 1R DRI FID -0 X 0MIT TrueFISP -2 . DN 0'2%7wn ) NN


http://www.indiana.edu/~mri/seminars/slides/Gradient Echo Sequences and Applications by Chen Lin.pdf
http://mri-q.com/what-is-ssfp.html

Steady-state free precession
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Spin-Echo Sequence for Diffusion MR Imaging
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http://www.nrc-iol.org/cores/mialab/fijc/Files/2003/073003_Susumu_Anatomical_Record_1999.pdf
http://www.powershow.com/view/3b26c9-ZWVkY/DIFFUSION_PERFUSION_MRI_IMAGING_powerpoint_ppt_presentation
https://www.youtube.com/watch?v=GEc024h4rsw
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Diffusion Tensor Imaging
(DTI)

A. Isotropic Diffusion B. Anisotropic Diffusion
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http://neuroimaging.tau.ac.il/ya/research1.html
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http://www.cedars-sinai.edu/Patients/Programs-and-Services/Imaging-Center/For-Physicians/Neuroradiology/Images/MRI-DTIBrain-9223.jpg

What is Functional MRI?

« 1991: Discovery that MRI-measurable signal
increases a few % /ocally in the brain after
increases in neuronal activity

Signal increase

Cartoon of D:4-5s caused hy
MRI signal rise  f | E: 5 s plateau | change in H;O
in a single A surroundings:
Sigetivated” more oxygenated
brain voxel hemoglobinis
W;:nm; :2;; present = BOLD
A: Pre-activation | | C: =25 G b’:::';:;“’
baseline delay (or undershoot)
| | | ™. time ..
B: 5 s neural activity F:4-6s| ™ ,

------

Summary of BOLD signal generation () Under normal conditions, oxygenated hemoglobin is
converted to deoxygenated hemoglobin at a constant rate within the capillary bed. (5) When neurons become
active, however, the vascular system supplies more oxygenated hemoglobin than needed by the neurons,
through an overcompensatory increase in blood flow. This results in a decrease in the amount of deoxygenated
hemaoglobin, leading to a brighter MR image.
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https://www.csd.uoc.gr/~hy571/LECTURES/13_FMRI.pdf
http://radiopaedia.org/articles/bold-imaging
metal.elte.hu/.../fMRI â€“ a mind-reading method.ppt

SPLIT BROCA

Auditory

fMRI activity obtained testing for (A) phonemic fluency (language), (B) semantic fluency (language), and (C) tonguc move-
ment (motor). The activation map was generated using p < .0001. MRI activation is clearly scen both anteriorly and posteriorly to the
leston on every language task. The tongue activation, defining the location of the precentral (motor) gyrus, is clearly posterior to the
lesion.
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MR Perfusion Imaging Methods

* Dynamic Susceptibility Contrast (DSC) MRI
Perfusion

— GRE-EPI (T2* weighted)
— SE-EPI (T2 weighted)
* Dynamic Contrast Enhanced (DCE) MRI
Perfusion
— Spoiled Fast Gradient Echo (T1 Weighted)

* Arterial Spin Labeling
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T2*dynamic susceptibility contrast imaging (DSC)
T1 dynamic contrast enhanced imaging (DCE)
arterial spin labelled imaging (ASL)



http://radiopaedia.org/articles/missing?article[title]=dynamic-susceptibility-contrast-imaging
http://radiopaedia.org/articles/missing?article[title]=missing
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=arterial-spin-labelling
http://radiopaedia.org/articles/missing?article[title]=arterial-spin-labelling
http://radiopaedia.org/articles/missing?article[title]=arterial-spin-labelling
http://radiopaedia.org/articles/missing?article[title]=arterial-spin-labelling
http://www.indiana.edu/~mri/CE/slides/MR Perfusion Techniques and Applications 090714.pdf

T2*dynamic susceptibility contrast imaging (DSC)

DSC Perfusion Model and Parameters
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Diffusion-Perfusion Mismatch

Diffusion

Diffusion in yellow.
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http://www.radiologyassistant.nl/en/p483910a4b6f14/brain-ischemia-imaging-in-acute-stroke.html
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T1 dynamic contrast enhanced imaging (DCE)
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https://www.vuiis.vanderbilt.edu/~welcheb/manuals/R2/netforum/BasicT1Perfusion.pdf
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://radiopaedia.org/articles/missing?article[title]=dynamic-contrast-enhanced-imaging
http://mri-q.com/parameters-to-images.html
http://www.mdpi.com/1999-4923/4/3/442/htm
http://clincancerres.aacrjournals.org/content/13/12/3449/F1.expansion
http://www.powershow.com/view1/1c7952-ZDc1Z/Dynamic_Contrast_Enhanced_Magnetic_Resonance_Imaging_powerpoint_ppt_presentation

‘Label’ experiment ‘Control’ experiment

Slice of
interest

Figure 6. Principle of ASL MRI perfusion imaging. For demonstration, the
continuous labeling method is depicted. Two sets of images are acquired: one
(on the left) in which water protons are inverted proximally to the imaged slice
and one (on the right) in which they are not. Subtraction of these 2 images
provides a map of the distribution of the labeled water, which may be
converted into quantitative CBF. Because the difference between the “label”
and “control” images is on the order of 1% of the baseline images, multiple
image pairs are collected and their signals summed to achieve adequate signal
-to-noise. A typical ASL image at 1.5 T requires 5 to 10 minutes to acquire.

Principle of ASL

1. Tag inflowing arterial
blood by magnetic
inversion

3. Repeat experiment without

4. Acquire the
2. Acquire the tag image

CBF = f(T1, A, etc.) A/Mc
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http://www.powershow.com/view1/1a4cb6-ZDc1Z/Arterial_spin_labeling_powerpoint_ppt_presentation
http://stroke.ahajournals.org/content/36/9/e83/F6.expansion.html
http://www.hindawi.com/journals/ijbi/2012/818456/fig1/

Magnetic Resonance Spectroscopy (MRS)

NORMAL REGION
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Normal spectra obtained with short TE sequence. (TE= 30ms).
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http://www.ajnr.org/site/fellows/files/MRS-chapter-Castillo.pdf
http://jnm.snmjournals.org/content/52/10/1585/F4.large.jpg

Principal metabolites

Metabalite
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Glial marker

Cell membrane
metabolism marker

Energy metabolism
marker, serves as
reference peak as it is
~ constant

Intracellular
neurotransmitter marker

Healthy neuron marker

Pyogenic abscess
Abscess

Meningioma,
Abscess

Ischemia,
convulsions,
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mitochondrial
cytopathies
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Mecrotic tumor
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Pyogenic abscess
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encephalitis
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t - hepatic
encephalopathy

t+ : Canavan's disease
- neuronal distress
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metabolism

Changes in Metabolites

Disease

Brain tumors

Stroke

Epilepsy

Multiple sclerosis
HIV/AIDS

Traumatic Brain Injury
Hepatic Encephalopathy

Hypoxic Ischemic Injury

Metabolic Changes

Cholt], NAA[Y], Cr[i], Lac and Lip[f]
Lac(tl, Maald], Glx[t], Crid, Chold
MAA[L, Lac[f]

NAA[Y, Cholf], (Cr[)

NAA[], Cholt], MI[t]

MAA[H, Cholf], Lac(t]

Cho[l], MI[f], Glx[1]

Lac[t], NaAY], Glx[t], Cri3

Neurodegenerative diseases

Alzheimer
Parkinson
Huntington

ALS

MAA, MI
MNAA[Y (Striatum)
MAA[L, Cholt] (Basal ganglia)

MAA[L (Motor cortex, Brain stem)


https://www.imaios.com/en/e-Courses/e-MRI/Magnetic-Resonance-Spectroscopy-MRS/metabolites-spectroscopy
http://www.massgeneral.org/imaging/news/radrounds/july_2012/july_2012.pdf
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http://www.mc.vanderbilt.edu/documents/fmri/files/2013_Phys352A_MRS(1).pdf

Water signal suppressing with CHESS. Spectrum before CHESS (A) and after CHESS (B). CHESS reduces signal from
water by a factor of 1000 allowing brain metabolites to be depicted on the spectrum.
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http://www.ajnr.org/site/fellows/files/MRS-chapter-Castillo.pdf
http://www.mc.vanderbilt.edu/documents/fmri/files/2013_Phys352A_MRS(1).pdf
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~~ ~J \ = | T2w MRIs. Metabolic map of Cho (B) and NAA (C). (A) Map of the Cho/NAA ratios. (D) Anatomical

\ \. [ | reference (T2w) overlaid with the CSI grid and the VOI (PRESS box, blue rectangle). The levels of Cho is

MRS pulse Sequence different from | = ‘ increased and the NAA value is reduced in tumor. Followed by red, orange, yellow, green, blue color
2 L [ 7 indicates the values from high to low. The colorless represent its value close to zero. The area of highest

MRI sequence: no readout gradlent Ty ‘ // Cho / NAA ratio shown in red was chosen as the target of biopsy point
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http://www.jns.dergisi.org/text.php3?id=559
http://www.jle.com/en/revues/epd/e-docs/magnetic_resonance_spectroscopy_of_the_thalamus_in_patients_with_mesial_temporal_lobe_epilepsy_and_hippocampal_sclerosis_277029/article.phtml?tab=images
https://www.imaios.com/en/e-Courses/e-MRI/Magnetic-Resonance-Spectroscopy-MRS/single-voxel-spectroscopy

MRI Artifacts
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Motion Arifact

Axial T2w TSE images of the brain (left: without motion correction; right: with syngo BLADE)

Left: No correction

CSF flow artifact
Right: Superior SAT pulse
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http://mri-q.com/uploads/3/4/5/7/34572113/3712012_orig.jpg?323
http://www.iomonitoring.org/mrclinicalapplications.htm
http://www.magnetic-resonance.org/ch/17-03.html
http://www.slideshare.net/arunmtek/artifacts-in-mri
file:///C:/Documents and Settings/Pc-Shams/My Documents/Downloads/ECR2011_C-1248.pdf

Aliasing Artifact ( Wrap Around )

NXMIY Q0 7w 7700 . 071¥n0 12'Rnn N o FOV -0 QUKD WNINNN Y191 D79'0IN

TITR ' NIy

N7 770 NTa . Mmnn 7w awn T8N Y 17wim FOV -n ni712a% Navn
. NNTAN TIT'R (1D NIPZ ATY TN T, NTRON

field of view

<

frequency

>

>

phase

Phase Encoding—»
T T ]

0° image with phase

wrap-around artifact
Mismapped Mismapped
as +270° as +90°

Qrigin of the wrap-around artifact

surface coil nVY 7'702 wiN'w . (AXI7ITY NIND ) FOV -0 N7Tan "y N1 0P9'0IRN YIN'N7 N1

no phase wrap/ A YMY NN 11D AW ATRON (11D MM'NA . 'Wyn T OX

presaturation -2 WIN'y X'n NINX NNWOKI ( npon AT n7uni SNR q'om ) oversampling

. FOV -7 yinn


http://www.magnetic-resonance.org/ch/17-04.html
http://mri-q.com/wrap-around-artifact.html
http://mri-q.com/uploads/3/4/5/7/34572113/5097077_orig.jpg

Chemical Shift Artifact
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http://mri-q.com/chemical-shift-artifact.html
http://mri-q.com/uploads/3/4/5/7/34572113/5401883_orig.gif?363

Susceptibility Artifact

. NDIN1 IX NNIAA N'01AN NI'72'09010 17 W'y FOV -0 DINNA VR AIN NINJIIN ARXIND ¥ AT OPO'0IN
172 D'ININ YW WKRD . 1IN '01AN NTY? D2IN NN 7w xToiann N20T XN N'0aan Nirarusolio
. MIPNAN '01aNN NTYA NI NI Y7 TAK N0 D'AZINN MY N'Y1AN NIY72'090I10

. 0'012'01 IND MNP VIR N2VN IR NIANIN D™'Y IX D100 [12D NDNN NIXXNAN 'V D12 UPO'VIRN
DAY NN NIIY NIANTA NIVIANNN NRIY NN, 722'0 TIAR DY TN MIMNN 7Y NIrY 1¥*N N1 VPO'LIN
. 712'0 TIA'X7 DA DT NTX92 NN'TNA 07 T1aN?

Magneticield:
—_—

Diamagnetic Para/Ferromagnetic
Ca---Tissue 0, Gd Fe
X=0 X=0

mascara

7y nron' nx¥on 180 0719w 77221 17X VIXR'TIA K71 IPKX ['90 '9X1 WNNWNT7 W' TN DZ9'0IRN DX N'NON7 Nan 7y
' O . 722'0 TIA'RYI NTRONN N71ITA AR WWONN YJNK TE . 1M1 TE -2 wnnwn? ' D 1md NI'NTN2a 010N
. 2NN receive bandwidth -2 wnnwnY


http://mri-q.com/uploads/3/4/5/7/34572113/3875578_orig.gif?325
http://mri-q.com/uploads/3/4/5/7/34572113/1430090_orig.jpg
http://mri-q.com/uploads/3/4/5/7/34572113/4756973_orig.jpg
http://mri-q.com/uploads/3/4/5/7/34572113/3909095_orig.gif

Slice Overlap/Cross-talk Artifact
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http://mri-q.com/uploads/3/4/5/7/34572113/8531806_orig.jpg?370
http://mri-q.com/uploads/3/4/5/7/34572113/6929312_orig.jpg?221
http://mri-q.com/uploads/3/4/5/7/34572113/4604561_orig.gif
http://mri-q.com/uploads/3/4/5/7/34572113/2688314_orig.gif

Zipper Artifact

TNX . 'K1D0N NV DI'RY NDIN I NNIN NIYYA% DNIYR DN, DT VPS'VIR? DAIY D'NIIA DIY!
D'™MIX'N I'TY *72 D01 NP TAN TN N7T NNM9N NRXIND UP9'0IR KIN I'7Y UMY 17 W' 'R1DVY D'NIIAN
.MRI -7 DRNIN AP TAN ATNAY TI'YN 70 AIRT? W' 012 N0 N'NN N7TRY T'OpN7 11X P7 . 21TNn Ny

RF Overflow Artifact ( Clipping )

D'?77N1 701777 1A17A8N 1MNN NHO 7Y 071V 722NN NU77IN 712100 NNXIY AWRD WNINN DT 079'0IX
NYINT NMIMN ARXINNI TIA'R? 7710 7220000


http://www.auntminnieeurope.com/index.aspx?sec=ser&sub=def&pag=dis&ItemID=611631
http://www.mritutor.org/mritutor/images/ghost.jpg
http://www.slideshare.net/SudilPaudyal/mri-artifacts

Gipps or Truncation Artifact
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Dipolar interaction due to Spuriously increased
static field vanishes (and T2 T2 signal in rotator
lengthens) when cuff due to magic
angle effect
(3cos?28-1)=0 or 6=54.7°

Magic Angle Artifact
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http://mri-q.com/uploads/3/4/5/7/34572113/9708134_orig.jpg
http://www.mritutor.org/mritutor/magica.htm
http://mri-q.com/magic-angle.html
file:///C:/Documents and Settings/Pc-Shams/My Documents/Downloads/ECR2011_C-1248.pdf

Moiré Fringes Artifact
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https://quizlet.com/108637451/mri-artifacts-board-review-flash-cards/
http://mri-q.com/partial-volume-effects.html
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https://books.google.co.il/books?id=J8FcbOv2ur0C&pg=PA74&lpg=PA74&dq=parallel+imaging+++phased+array&source=bl&ots=q5sbOv-ivR&sig=H-SaPrWVJUOYjNiCweNRk4EFelg&hl=iw&sa=X&ved=0ahUKEwiL3v337JLLAhXCuhoKHZU4COI4FBDoAQgTMAA
http://mri-q.com/how-is-pi-different.html
http://mri-q.com/how-is-pi-different.html
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https://books.google.co.il/books?id=J8FcbOv2ur0C&pg=PA74&lpg=PA74&dq=parallel+imaging+++phased+array&source=bl&ots=q5sbOv-ivR&sig=H-SaPrWVJUOYjNiCweNRk4EFelg&hl=iw&sa=X&ved=0ahUKEwiL3v337JLLAhXCuhoKHZU4COI4FBDoAQgTMAA
http://pubs.rsna.org/doi/full/10.1148/rg.255045202
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http://mri-q.com/pi-coils-and-sequences.html
http://kfe.fjfi.cvut.cz/~sinor/tmp/edu/pmbafy/mri/www.radiology.mcg.edu/MR cha13 Parallel Imaging.pdf
http://www.medscape.com/viewarticle/709812_4
http://www.google.co.il/url?url=http://www.fmrib.ox.ac.uk/~karla/reading_group/lecture_notes/ParallelIm_examples.ppt&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwj20czQ4ZLLAhUDVxoKHb_2DFUQFggqMAU&usg=AFQjCNHbqMgcohKwZaBZe_j8sOeVP3-YSw
http://mri-q.com/why-and-when-to-use.html
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Siemens

SE
GRE
FLASH
FISP
PSIF
TrueFISP
CIss
DESS
MEDIC
TurboFLASH
MPRAGE
VIBE
REVEAL
SWI
TWIST
VIEWS
NATIVE-SPACE
NATIVE-TrueFISP
MapIT
IR, Turbo IR (TIR)
STIR
Turbo Dark Fluid

GE

SE
GRE
SPGR
GRASS
SSFP
FIESTA
FIESTA-C
MERGE
Fast GRE, Fast SPGR
3D FGRE, 3D Fast SPGR
LAVA-XV

(SWAN)
TRICKS-XV
VIBRANT-XV
Inhance Inflow IR
CartiGram
IR, MPIR, FastIR
STIR
FLAIR

Philips

SE
Fast Field Echo (FFE)
T1-FFE
FFE
T2-FFE
Balanced FFE

M-FFE
TFE
3D TFE
THRIVE
DWIBS
(Venous BOLD)
Keyhole (4D-TRAK)
BLISS
TRANCE
B-TRANCE
IR-TSE
STIR
FLAIR
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Siemens
TSE (Turbo Spin Echo)
HASTE
RESTORE
Hyperecho
SPACE
Turbo Factor
Echo Spacing
EPI
EPI Factor
DWI
ADC
DTI
DTl Tractography
TurboGSE, TGSE
iPAT
mSENSE
GRAPPA
Auto-Calibration
Turbo-Calibration
Self-Calibration, T-PAT

3D CslI
GRACE
BEAT (2D/3D)
Localizer, Scout

CARE Bolus

GE

FSE (Fast Spin Echo)
Single-Shot FSE
Fast Recovery FSE (FRFSE)

CUBE
Echo Train Length (ETL)
Echo Spacing
EPI
ETL
DWI
ADC
Diffusion Tensor Imaging
FiberTrak

ASSET
ARC
Self-Calibration (with ARC)
(Calibration for ASSET)

PROSE
BREASE
Localizer

Smart Prep;
FluoroTriggered MRA

philips
TSE (Turbo Spin Echo)

Single-Shot TSE
DRIVE

VISTA
Turbo Factor
Echo Spacing
EPI
EPI Factor
DWI
ADC
Diffusion Tensor Imaging
FiberTrak
GRASE

SENSE

(Calibration for SENSE) | CLEAR

Plan Scan

BolusTrak
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Siemens

TI
Average
Simultaneous Excitation
Flip Angle
Acquisition Time, TA
Distance Factor (% of slice thickness)
Off-center Shift

FoV [mm]

FoV Phase/Rectangular FoV
Bandwidth [Hz/Px]
Optimized bandwidth
Oversampling
Phase Oversampling
Lines/Segments
Time Delay
Half Fourier
Asymmetric Echo
GMR/Flow Comp
TONE
MTC; MTS
Fat Sat
Water Excitation
DIXON

Presat

GE

TR, TE
Tl
NEX
POMP (Phase Offset Multiplanar)
Flip Angle
Acquisition Time
Gap
Off-center FoV

FoV [cm]

Partial FoV (PFoV)
Receive Bandwidth [kHz]
Variable Bandwidth
Anti-Aliasing
No Phase Wrap
Views per segment
Intersegment Delay
112 NEX; fractional NEX
Partial Echo
Flow Comp
Ramped Pulse
MTC
Fat Sat/Chem Sat
IDEAL
SAT

philips
TR, TE
Ti
NSA
Multi-Slice
Flip Angle
Acquisition Time
Gap
Off-center FoV
FoV [mm]
Rectangular FoV
Fat/Water Shift [pixel]
Optimized Bandwidth
Frequency Oversampling
Fold-over Suppression
Views/Segment
D
Half Scan
Partial Echo
Flow Comp; Flag
TONE
MTC
SPIR
Proset

REST
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