BREYYRRE
(b

How about the scan time?
« TR

« NEX (Number of excitations)

» Number of phase encoding

Scan time=TR XNEX %[PEs

FSE or TSE (tR#ZR B e [ElK £ 51)
- BB TEREDE + EIF 55 ( Echo Train Length)
* 90°RF #& #£E3 180° RF

. [E180° RF 5255 —1& K space 7%

« Scan time= (TRx NEX x PE) / ETL

- ETL R EMGRE:

A
« Scan time
« Contrast

« SNR

« Resolution

¢ coverage

Aol BRIEHF RS R (Scan time)
« FSE or TSE

« Gradient echo sequence

« HASTE

« EPI

- SENSE

ETL 25 vs. 45
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Gradient echo sequence( E B F51) HASTE
* /RS 90° B9 RF + Half-Fourier Acquisition Single-shot 7urbo spin £cho
- 27180° RF ER A MR
. 55TR - 4TE - FIRhR « E— R TEISF & (single-shot technique)
« #F9 Bi-lobed Gradient 78 A - (EMr
B4 | - EEAR - 360041
- REEER - ERMEEE(—EES )
< PETE - SNRISE
- BR

HASETZ & EPI (Echo-Planar Imaging)
- ERBES A RRER
o FE—REGHE PSR AORREL
- BREM G
- ZEETIRE:
. N/2 artifact
. Susceptibility artifact
3. Chemical shift artifact

EPIRS EPI #E R K EROEF

N/2 artifact Susceptibility artifact +  Diffusion imaging of the brain.

Dynamic perfusion studies of the brain.
Abdominal imaging.
Cardiac imaging:

. Coronary arteries

. Cine cardiac imaging within a single heart beat.
Dynamic perfusion studies of the myocardium.
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SENSE(FAT B & 3 1ff)

- JBFI% E T (elements) 4 ALY B ATRES Bl Attt
( phased array coil)

5 = s = - ERERIS BT BIEEE K
DWIR & ; o R ; EERV R T RATAL K spacefi ' i

- REEREPER  BREBZEGEAREDSY

Contrast(¥JLE) FEMEBHLENER
s AR FRE BRI R AR - EEFR(TR)
- EMRIHS® - TERFRABOMBEIOERTIES - EBRTE)
WMT1RT24 y o . BHAFA)

N s - R
Contrast(C)= (Sp— Sg) / (

EERE(TR) BB L S 55 R (TE) B 2B 48 4 £E
- TREGESS: A RF 2 - TERYRE%5: 67 RFE -
EREE SOt — . SRR AR
- AR HFRIBEH - foms
SRR AN

- TREE - BB 7 Lliete
o 7 gﬂmaﬁﬂim}maj?ﬁ
- TEREHE - £RTR
j T - JKEAEH
el L

TR=1500




BAHTR and TE
- EMSWERD  TRATENEESAADRZE
CERFD  TRAETIMBEE - HTERET2N

- EARRATRIOAIR T - TERB R HRBUENRENTGHLE

- AR EARA:

Signal= H(N)(1-exp ™*T")(exp T&/T2)

Spin Echo

long TR, long TE )
T2-weighted

M, rel. short T,
like W1

P it
/

/

rel. long T,

—
TE/ms

;
.
.

.

/ :
/ like GM 1
.

.

.

.

.

‘ .
:

R

TRims T

fRiE A (FA) B A & ¥ILE
FiiN% - #$MO
HBE
« ERREERFKE
(gradient echo)

- FANBE  REGENF B
A

1. KFA— T1¥#&
2. \FA— T2%1%

Spin Echo
short TR, short TE

|. short T, like WM

Spin Echo

rel. long TR, short TE
proton density
weighted

TR
TR/Ims TE/ms

f2 8 1% R (TT) ER 4B 48 9 L
- TIES: KiAN180° RF % - EjEAN90° RF AT E RIS
- B R#EE#E K F(Inversion Recovery)
I8 INTRIGRS
- fEF:
1. BRE #%( null point)
2. RSB
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TI and contrast STIR

Null point

TR=4000, TE=19

STIR image

Null point

FLAIR in Brain MRI T1 IR (TI=400ms)
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Signal to Noise Ratio(FA%#LE) SESNRMIEF
Signal(38) Noise(z3f) - EEFEAR)

- EIERERTE)

- BEAN

- FIIRH(NSA)

- EEE

- SRR

TR, TE BASNR BEZ K/ (Voxel size)
- EEFETR) o REEHIEH

--- TREE - SNRES (T RO FERxy - BERMA - EARETEP
FH ER#EZ) .
* SNR#E S

* [EERESE(TE)
o --- TEHR - SNREEGE SR RA#ES)

Voxel size SEHRE(NSA)
- SHEREREAAL - ARERBIIRE
o FEEVAIRESIBIN—1Z - B4R REIBMN—1Z
« Fi#Scan time M4 - SNR#E V2 £
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VEEE $88 (Bandwidth)
o« KHHEH w - « BW E2SNR AL StG
- EEEne - g B « BBWE(E:
DR \ : ~-- SNR £+ (BW FE2( - SNR 270
[ 4=z
" V2 f5)
- SNR#S ‘ By 2 ' .
a --- {EE I (chemical shift
o BATEREIE _ Ii artifact) /0
. 10,10 --- TE R R0

15: 10

10/ 10 / Bandwidth = 1/ATs =Nx /Ts

S S TN

SNR???

o Ax - Ay- Az Fsequence - VINSA - Npg - Neg : &

; VB I
— A HE e s Y
NN
. i -l

SNR

=
o FOVFE o FOVPE . AZ ° ququence \/m &

SNR
VBW- Ngg - Nog

Resolution(E2 7 &) ZEB B 47 E (Spatial resolution)
- ZEREARATE (Spatial resolution) 73 Wi 2 7 B SR BE B

5 EPNIIY =T RHAN

- SRR B (Temporal resolution) - SERHTE - SNRTBE

LR RS R AR --- B INFIHREI(NSA)

F#tdynamic scan --- R A




58 B2 47 [ (Temporal resolution)
< BRI

- $HEE— R HE

- RS LR S A B R

# slices = TR/(TE + Ts /2 + To)

- TREERRE - TRER - )
ESREIEM

* TE:EIFREE - T%LE - BAITRA

- EBAITRA

- TO: R B FRROBI B %
% MR - FS

BEARTLBHIAEE R
AR ESHMEESY)

Anyone who has never made a
mistake has never tried anything
new.

e i

Coverage(HZ=&1 &)
. % ESENERERFTT

--- Number of slices
#slices = TR/(TE+ Ts /2 + To)
--- Slice thickness
--- Gaps
--- ETL

TR vs. slices

Slice 1 m

Slice 2 | | Line |

Slice 3

Slice 4

2018/3/24
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Parallel imaging

o EERA---
* MRIBRRENA:
Scan time = TR x NEX x No. of Phase encoding

INBRHEE

TictE - —EASKEL
R\ — AR

B MRU—RIRE
ERAMB/NEUSII—RIRRFIE -
BBBELRYTH?

(SENSE)

2018/3/24

A ExmE!’JE}\———MRI

mamERENTG A
- MBFETR
--- Gradient echo technique

-- TSE ~ EPI
* TR

BEERBERE--- Kspace
B . BN - W - BHiZ and soon..
. BRRERE N E DR RISER —
- S Ewavelength (): EARMIE > RIA0FEEE R
« S wavenumber (k): 8t ZE R A9 % B
k=1/A

= 2eycles/em
ly
veles/cm = 2 cm




ZEESEZE (Spatial Frequencies)

&1 Y R Bt AR AT
--- BARHTE (Resolution) "l"""""""l".

--- 1 line pairs per mm A i1 (I |

T

EER)  EEIMESBREBE AR
)~ IRiE(@@mplitude)E2 75 @4

2E ) i B35

= EEENEIE
- ﬂ]ﬁi&E(Shce selection)

2018/3/24

MRI vs. K space 7?77
SEI% %5 sine A cosinelB A AL

K space S AEUEREZHNEN??
Zifl(low spatial frequency information)
AR SN
high spatial frequency information)
REi R R A E

tIE##2 (Slice selection)

 REFFHINEUERERE
- Bt

KRB ERERANER

505162536465655755

“ﬂ. 50 MHz-1.47|  Slica h ss ar|
| Hea

&:ZEEE‘

I

I

Slice




ng=#of complex samples

—> I€—Dwell Time (ty) = ty/n,

Sampling Time (t,)

BRREBEM vs. TR E M

o BIRMEBEEMUUTSERS - ETL=16)

BHFRE = (TR x NEX x #A{I4RESHIREN) / (ETL)
TR=3000ms + NEX=1 - I #mIBEHIRE =256 * ETL=16
Scan time= 48000ms = 48s

o TG RA

RSB = (TR x NEX x #8114 RE) / (ETL x MNEEF)
Scan time= 48000ms/2 = 24s

o INEREF--- FEHRRDBMRBORE - BERERRE

217 Al 1% £ il

- B4 EERE R phased array coil)® - BT H
(element)BEULE

. l—?’%ﬁm#(element)ﬁ,ﬁJHEFHTH¥1uﬂfﬁﬁj?
A[E--- 4 §UELE (Coil sensitivity)

2018/3/24

T4 (Phase encoding)

- FSRFOR

- EMBRIEORE - #6FTBTIROMEE - BAK space PARRIIIE
- RUEBRUES - AT

- BRGEBAIEA K space FIERRE--- TR
RHEERI= TR x NEX x 1R 4RESA9REL
 AERRRHENENEER

B S S AT BB Bl

- ERAZ BT (elements) BAYARIES] phased array coil)

« SNR &7

BARS MBI FE 5 4Rl ( phased array coiI)
e (surface coil )i —1&(E MK ZUTNAE - BARE

- BZERERBERS MK

- fREB/\ERE Bsensitivity - B8] HENFHER

Profile combination



21T B & el
AN AR E (under sampling)

SR/ RREER To gain speed you must reduce the number of phase

encoding steps
« EERIBEF (warp-around artifact)
« B EE(reconstruction)

---{B 1751 (image domain)ETTHE
32 :SENSE, mSENSE

1735815 R1 (frequency domain )i
:SMASH, GRAPPA)

B EEmRE (image domain)ETHER
» SENSE(SENSitivity Encoding)
%R AT $5300]
RIERI A DG RN Y R

SENSE 1F R IO {225 8%

« B4 coil sensitivity map

TENER

“ A i
T y— The “Unfolding” Problem in
data from each coil Parallel Imaging

Butyou then
getreduced
FoVand
wrap-around

artifact y How to get .
(aliasing) k from this.... To this

SENSE A& (MEREF=2)

S(v) Sy AY)
Py

10)= G0)S) +
G+ AN S+ 1)

Reference images and Aliased images

- B84 K space # MR data Image-Based PI: SENSE, ASSET

- RERIBREPERIS K space
7 MR data

- ERERENREESR LB AR
X
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2018/3/24

mMSENSE(Modified SENSE) B A (frequency domain )ETHER
« K54 EEReference images « SMASH (SiMultaneous Acquisition of Spatial Harmonics)
« EEUE RFBE - £KZERH « Auto-calibrating SMASH
B R ER 53 BR SN B MR AR SR ) )
« Variable density Auto-SMASH (VD-Auto-SMASH)

o IEERSNIVS Z A SR R B 1 2 AR . _— .
(or element) 2 RIS » GRAPPA (GeneRalized Autocalibrating Partially Parallel
Acquisitions)

« ELERNE BRI (]
Reference images

SMASH (SiMultaneous Acquisition
Spatial Harmonics)

- B—RNTITR R

- YEMTE K space (@ E

B S o A B 4 B AR U1 4R S HE U1 3 AN SR 1A
o E461%Kspace lines

Variable density Auto-SMASH (VD-
Auto-calibrating SMASH Auto-SMASH)
« B{S 804 K space #J MR data « EPOED ESEZH) auto-calibrating signal’ (ACS) lines
» A 0EDD EXAS auto-calibrating signal’ (ACS) lines L/MBR S (artifacts) & S A IR A0 $5 75
FTEER IR ACS BIK space #SRILEZACS FSRAEITEILD - EHRAuto-calibrating SMASH - scan time & &

* GG EIAY7 (AERERZIEMEFHEND Kspace MR
data®?
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GRAPPA (GeneRalized Autocalibrating
SMASH vs. Auto- SMASH vs. VD-auto SMASH Partially Parallel Acquisitions)
« Auto-SMASH ¥R

- BERFESBEEEBIN
ACS line

PREESE YRR SR
=i

k-t BLAST (Broad-use Linear
GRAPPA ERRI Y {&E 4 & Acquisition Speed-up Technique)
« 8% K space MR data FIEV/S - EARE—)EPHEEEF (dynamic techniques)
« IR K space MR data o I (BLO\BE
- EEEERRERARNTE ) we e comne BTSRRI A AR

indiiguscall it
images

- ERTERENTE = — T... BEABRY—R  RtUBEMORETTREH
| R = R AR AT
- OJESENSEfiTAE S - BEtNE - 2UHE - SREREBBRTESY
- Training data: —A{ERTENERTE(RELERMH T ...)

CAIPIRINHA

« Controlled Aliasing in Parallel Imaging Results in Higher
Acceleration

« AR3D RISF
« ERARHRIK space EFE T ARG NI IEERE
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HEE—HOETAE ey M E S D ETAE
Ejl] 7 S L O o QD\*E'JE’{%FEH'
Sy e o o E'

k,

y

Acceleration in a single direction (R=4) Acceleration in two directions (R = 2x 2 = 4)

a S =)
. Ry
CAIPIRINHA _ 3D FiEE

TE W8 75 R 1T 215 b T

S / E 2 usin
NEN= 12 CAIPIRINHA with
= oA acceleration factor (R) = 4
i » A set of 72 slices (3-mm-

: thick) through the entire
liver are repeatedly
acquired every 2 secina
single breath hold
during dynamic passage of
contrast.

CAIPIRINHA pattern with acceleration in two
directions plus phase shift of alternate rows

FATE R T P AR DZREA ¥ (R) E2 R T
AIMEARY — SNRIEE
- MERF R - SNRTRE
BFIF:R=2 - REFBIER1/2 SNR _SNR
- SNR &% 1/72=0.71 parallel = oVR
g oy

B ) R: reduction or acceleration factor
— RESENHEAGE 9:geometry factor
--- P # Hphase encoding 75 1@
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FEERMPHERE
EIET e ]

--- noise, motion, aliasing, chemical shift, Gibbs, susceptibility, RF-
interference, etc.
 JIAFOV

« RE (el 2 o .
« Over Sampling

--- SENSE ghost: B EENRBERE . BEMERTFR)

--- Motion artifacts: 24 calibration scan &2 image acquisitionf&

--- Noise: FE# e 7 (g) ELEHIBRF

SENSE ghost

PE=200, SENSE=2 PE=200, SENSE=1.25

Motion artifacts
B RN
EHETHE
TR
RS ERET
Hifi( mSENSE)
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FPHEERMERKERNES
. R : - BERHES
Noise in SENSE L ) . BB - EEBTE
- ERUETIRIE calibration) ! b - BEBEARG BRI ELE
; - EPIRL R AOFEFE

---E%coil sensitivity mapping :
--- Acquiring more ACS lines e o o 8 .

#&s@echo train length (increasing the PE bandwidth)
*susceptibility distortions

 BREHASTER R PRI B /Pecho spacing)

1:10 il ‘ s X 30s 7
ARNRE T 7 MR EE SENSE 7 P£{E 0T IR {8 52 A9 P& A (255 vs. 13s)

EPIpk & FE R --- Bl susceptibility distortions
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SENSEE R 8 R =210l 89 /& F

> of science is nothing more
efinement of everyday thinking.

10
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PERARENNDE

Taiwan Society of Radiological Technologists (TWSRT)

Flow phenomena

| * Sources: Flowing blood or cerebrospinal fluid
MR

* Phenomena: become dark or bright in MRI

GILBEAR IR
EeRTY BRYHE Fai
2018.03.24

Turbulent flow

S
U U U U ulase

Characteristic Factors Velocity vs. Flow

Velocity * Flip angle '

Pulse sequence (SE vs. GRE) Gradient strength and rise Velocity (cm/sec), \'
. " . time

Slice Position (containing
the vessel relative to the . . . 2
rest of the slices) nulling (flow compensation) Cross-section area of the vessel (cm2), A

techniques
Contrast (TR and TE)

Use of spatial saturation
Echo number (even or odd) Use of cardiac gating V=Q/A

Slice thickness Chance of cardiac gating
(pseudogating)

i 3
I —— Volumetric flow (cm 3 /sec), Q

Appearance of flowing blood TOF effects

* Flow effects can be attributed to Decrease signal intensity (dark)
— Time of flight (TOF) effects, Mz — High velocity

— Motion-induced phase changes (phase contrast), — Turbulent flow
Mxy — Dephasing (odd-echo dephasing and intravoxel
dephasing)
Increased signal intensity (bright
* TOF effects & y (bright)

— Even-echo rephasing
= Signal loss (high-velocity signal loss or TOF loss)

— Diastolic pseudogating
—Signal gain (flow-related enhancement, FRE)

— Flow-related enhancement (FRE)




¢ Spin echo imaging

Slice-selective refocusing
RF

100%
1

Signal
intensity

IllIII L Velocity (V)
T —T 1D

il -
12 TE

Echo number effects

t=7=2TE > assume p = kr?

‘ Even‘echo  t = [1,27] 2 ¢ = [k(27)%-kt?]=3k1?
,,,__]‘ e ok iy [z,27] [k(27) 1

NI ¢ = [27,37] > ¢ = [k(37)2-k(27)?] =5kz?
Fodiieno i t = [30,41] > ¢ = [k(47)2-k(30)2]=Thke?
dephasing s

Diastolic pseudogating

¢ Systole (rapid) vs. diastole (slower)

e In diastolic, the TOF effects result in higher
intravascular signal.

e Usecardiac gating to acquire slice at a fixed
pointin the cardiac cycle.
— TR = 1/(heart rate)

2018/3/24

Velocity (v) and phase (¢)

@ = fwdt = f(vat)dt = vaf tdt = yGv(t?/2)

s Phase and velocity are proportional
e A quadratic relationship exists between phase

and time

Echo number effects

¢ Assume velocity of blood flow is constant

» Odd echo - dephasing - signal decrease
s \Fven echo - rephasing - signal gain

¥low-related enhancement (FRE)

e Entry phenomenon

|

e The fresh inflowing blood
that enters the first slice is
totally un saturated (by last

RF excitation)
Talg +(TR/ Az)v

Signal
intensity

N \\\gw el@ '

.§§

Io

0



Cocurrent Flow

¢ The slice excitation wave (SEW) is the the
direction of successive 90 deg. Excitation
pulses.

e If flow is perpendicular to the slice.....

Increase the possibility
of saturation >Weak

Flow is in the direction of SEW

Flow compensation (FC)

¢ Gradient moment nulling (GMN) : can
minimizing flow artifacts

* Add extra gradient pulses to produce the
even-echo rephasing effect on the first echo
— 1st-order FC : Constant velocity
= 2nd-order FC : Constant acceleration
—3d-order FC : Turbulent (jerk) flow

e Can beapplied to all the three coordinates

» FC lobes lengthen the TR/minimum TE

(LR

2018/3/24

Countercurrent Flow

* If flow is perpendicular to the slice.....

Reduce the possibility
of saturation ->Strong
FRE

Flow compensation (FC)

e 121 gradient lobes (constant velocity)

Flow compensation (FC)
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Unenhanced MRA Through-plane vs. in-plane vessel

* Rely solely on flow effects (the movement of
blood)

* Amplitude effects (through-plane flow)

— Blood flowing into or out of a chosen slice has a
different longitudinal magnetization (Mz)compared
to stationary spins.

~ Depend on the duration of stay (time-of-flight; TOF) in
the slice

e Phase effects (in-plane flow)

— Bloodiflowing along the direction of a magnetic field
gradientichanges its transverse magnetization (M

Through-plane In-plane
compared to,stationary spins.

(amplitude, effect) (phase effect) Wi

Iow-related signal enhancement Factors affect FRE

* The FRE occurs both with SE and GRE
sequences. Through-plane or in-plane flow (slice direction)

« The competing TOF loss in SE tends to Ratio between flow rate and slice thickness
overbalance the FRE at higher flow velocities, TR
leading to decreased flow signal. IR
¢ TOF angiography
— GRE sequences
— Bright-blood images

Slice direction

y|

i
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Flip angle

2 Ma

Flip angle & flow ghost TOF Angiography

¢ Spoiled GRE sequences (SPGR)
— No TOF loss phenomenon
— Short TR (< 5 msec) to reduce spin dephasing
— Short acquisition time to acquire 3D datasets
— Flow compensation (refocus unwanted phase

accumulations)

e TOF techniques can be divided into 3 groups
— Sequential 2D multi-slice method
— 3D sihgle-slab method

; ; — 3D multisslab method

SRER TR L EBZ
Angle = 10° Angle = 30° Angle = 50°

3D TOF-MRA 3D TOF-MRA

2D MRA

Pros:
Thinner slice High spatial resolution
(Higher FRE) High SNR

insensitive to in-plane flow Inhomogeneous 2D TOF : 5-4] f‘-] 3D TOF : Iiﬁ:‘i'nﬁ

(less FRE effect) @

Cons:
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TONE (Ramp Pulse) Technique TONE (Ramp Pulse) Technique

=] o n - coew

Lﬂlsj—— Acceleration Advanced

flip angle
¥ 8 sinc RF Bty
o e
MRA: 1->S

TONE RF Bt

Background-blood contrast

e Fat supbpression

1% . RF pulse TONE pulse
No Fat SAT

Background-blood contrast

* Magnetization transfer contrast (MTC)

Magnetization Transfer (MT)

To suppress protein-bound water

. Protons in protein-bound water exhibit a resonant frequency
® MTC can further suppress background signal.

that is approximately 500 to 2500 Hz away from that of bulk
L Reduction of gray and white matter signal by 15-40% water protons

—But not in blood

Bulk H20

- ‘\\ :;‘7::3:;';23‘:;'” ' Lowered peak
4 i = / MT
. % \ 7 ~ Saturated
e Fat suppression |/ —23A . oz : \

Saturated
Coronal

———

Sagittal
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Magnetization Transfer (MT) Spatial saturation pulse
e Superior saturation pulses are used suppress the

e MT is similar to spectral fat suppression techniques except signal from veins above the heart, and arteries
that here, the off-resonant frequency is up to 2000 Hz as bel the h t
opposed to 220 Hz in the case of fat suppression. elow the hear
e Inferior saturation pulses are used to suppress the
*, Used in time of flight (TOF) MRA to suppress the background signal from arteries above the heart and veins
brain tissue and enhance visualization of smaller vessels below the heart )

Sequential 2D technique 3D multi-slab method

* Presaturation slab above the imaging volume

Larger flip angle (30 deg.~70 deg.)
suppresses the signal of venous flow.

Thicker slice thickness (2~3 mm) to
achieve better SNR

Best suited for imaging vessels that
are straight and perpendicular to the
slices.

= Carotid arteries or vessels in the lower

extremities.

It'is necessary to synchronize the
acquisition of data to the cardiac
cycle (ECG gating).

Graphic Rx Toolbar e |

TOF-MRA & MRV Phase effects

o) e Phase effects concern the transverse
magnetization.

Apply a pair of gradients with identical strength
and duration but opposite sign (bipolar flow-
encoding gradient).

Stationary spins - zero net phase shift
Flowing spins = a non-zeros phase shift

Phase shift ® = y-A-1-v




Phase contrast method

e A direct quantitative measure of the velocity of the
flowing blood

* No restriction on image orientation (not dependent
on inflow effects)

¢ Velocity encoding (VENC)

— The velocities between —VENC and +VENC are encoded by
the phase shifts between -180° and +180°.

— Theflow velocity exceeded the VENC value - aliasing
s Generalvelocity

— Arterial flow 40~60 cm/s

—Venous flow 2030 cm/s

hase contrast = Inhance 3D Velocity

] Detalls ion va

Phase contrast (Example. 2)
TOF — MRA
Stenosis????!

> W
35

Stenosis????

Phase Contrast (axi.)

VENC =25 $
C\Q -3

2018/3/24

Phase contrast method

» Phase-encoded images

X direction Y direction

TOF — MRA (Change direction)

1 direction

ubiraction &
Sum magnitude

Phase contrast (Example. 1)
3D TOF N
L't VA occlusion??

?S%

1

2D TOF

Y U

Advantages Simple to implement, robust

$'hqse Contrast (sag.)

VENC = 25

Phase contrast MRA
No saturation effects

High spatial resolution

Excellent background suppression

Shorter acquisition time (in 3D)

Enables quantitative flow
measurement

Disadvantages | Reduced sensitivity to slow flow

Prior knowledge abo ut flow rates

Restrictions to size and orientation
of the imaging volume

Very long acquisition times for 3D
techniques

Short T1 tissue may be mistaken for
flowing blood

Susceptible to phase errors
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Contrast-enhanced MRA Contrast-enhanced MRA
Avoidance of blood signal saturation * 3D, RF-spoiled, fast gradient-echo imaging
Better turbulent flow imaging sequences - T1IW images (FSPGR, FLASH)
Injection a contrast material intravenously (IV) to selectively
shorten the T1 of the blood - brighter signal in TIW
images.

Gadolinium-chelate (Gd) contrast agents
— Seven unpaired electrons - paramagnetic, shorten T1 and T2
— Injection rate: 0.5~4.0 ml/s

— Injection volume: 0.1~0.3 mmol/kg body weight, typically 20~40
Il

— Computer-controlled power injector
— Examine the patient's renal function before scanning!

Frame 6 (35s) Frame 8 (49s) Frame 9 (56s)

Frame 10 (63s) Frame 11 (70s) Frame 12 (77s)

Time-Resolved MRA

¢ Keyhole imaging.
e Siemens: TWIST

(Time-resolved

angiography With

Stochastic

Trajectories)
« GE: TRICKS (Time-

Resolved Imaging of

usceptibility Weighted Imaging (SWI) sceptibility Weighted Imaging (SWI)

Cardioembolic stroke in left MCA Before éo."“? ﬂﬁe;'
e SWIis an MR technique that utilizes the CBF 1 caffeine ingestion

magnetic susceptibility differences
— Visualize small veins in the brain
— Microbleed

— Sensitive to iron & calcification
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History of SWI Magnetic Susceptibility

* Originally proposed by Reichenbach et al. as When an object is placed in an external magnetic
"MRV" or "BOLD venographic imaging" field H, magnetization is induced in the object.

— Small vessels in the human brain: MR venography Magnetic §usceptibi|i'§y is the magnetic response
. . s of a material when it is placed in a magnetic field.
with deoxyhemoglobin as an intrinsic contrast

. —M=xH
agent. Radiology, 1997. _ y = susceptibility (ppm)

= M = induced magnetization

* Haacke et al. 2004 = H,= applied field
If diamagnetic, y <0

— Suseeptibility weighted imaging (SWI
. yweig Eing (SWI) If paramagnetic, like deoxygenated blood, x > 0

Image Acquisition SWI vs. conventional GRE

¢ High-resolution 3D gradient echo imaging with
3-direction flow compensation
—Long TR

— Long TE (~40 ms at 1.5T, ~25 ms at 3.0T) to get
T2* weighting

¢ The use of the filtered phase to enhance

contrast.
GRE image phase mask

Utilize both magnitude and phase images

GE: SWAN,Siemens: SWI

SWI processing

* Tissues that have very it 3 : Acquire high-resolution 3D GRE with flow
low and uniform iron & B - compensation.
distribution will show a T 7™ =] Apply HPF to phase image to obtain SWI filtered

phase effect, but not a [N | fi phase data.
T2* effect. \ Create phase mask depending on sign.

S\ithout phase / \ Multiply phase mask by original magnitude image to

dispersion -> no T2* obtain "merged SWI magnitude data.”

effect. :,, o Perform a minimum intensity projection (mlP) over
L : neighboring,slices
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Filtered phased imaging

eSWAN (QSM)

A—(EIER AR EBOTH) ,
B RIS 2 {5 (Local Field)
magnetie sussceptibility magnetic field
distribution perturbation

Taverse problem

* QSMASE @ AYRI
AR ER =R E SRR

Schweser, Ferdinand, Andreas Deistufignand Jiirgen R. Reichenbach.

Magnitude image (phase mask)™ SWIiimage SWI mIP

2018/3/24

SWI processing

=

Over 5to 10 images

mIP: minimum intensity projection

QSM Processing

MRIEHIZIfYPhase
(+Wrap + Noise)
measured (noisy)
wrapped MRI phase

“Foundations of MRI phase imaging and progessing for Quantitative Susceptibility Mapping (QSM). Laplacian Phase Unwrapping

Zeitschrift fuer Medizinische Physik 26.1 (2016): 6-34:

SWI vs. QSM

B

~|+1000ppb)

-1000pph

Backereund Field Removal
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