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MRI EX4IE[RIE

ot o= K A4 = B
TS R2 T RY
RimEE ZFIEE

fAIsEMRI ?

« M (magnetic) : FIERIIRIERE - ABS /)5
AItEAL -

« R (resonance) : HR - /A EE ERINR
B NEEASEIRERNREER -

« | (imaging) : FSRER/EENAT -
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MRS RS

o EEHME

- SRTE

- DEBEELE

+ ZE1JJH( Sagittal view * Coronal view *
Axial view)

— RREFRABERZEIER

fiZ{E (Magnetization)



Magentic susceptibility

- FIEYMENTEESTE 98— EW
WERZRE - mM—EYER R Z R
KRSt 720 -

- MRIFTERMYEH T A =EREH
RRRE M- B M ~ Rt RN s R -

WERT M EAENRI R ER

- IEfE 4 (paramagnetic) ¥ &
BHGE()BETERARE - W88 BEYE
(%L~ #8 - [R)

- Rt (diamagnetic) ¥ &
. gﬁzﬂ%ﬁfl(u)ttxﬁifﬁi%d\% S E - IRE
M8 K R AR B 4B 48)

- $8 5 (ferromagnetic) ¥ & :
- BRHZE(u )H:,Ifrﬁ(% Cu0:8 - SSEYE
(BfRyE A ~ HBERER) -
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Magentlc susceptlblllty

Jsz Rt g 7 14
B=p*H
B="F 38 % & (magnetic flux density)
u=f#8 2 (magnetic permeability)
H=1#1% 58 E (magnetic field intensity)

E e (Spin)

- HEYPED - RESRYER

BAEI=(angular momentum)E’\J
it EARNFYESRIINEL
R~ - BELREEHKRNE
-

RAILIB AR - 20
JrXi? e ASUTEER S

I
. MERETSRETHED - @



ABSIRY/) g 52

. BY  ETHEEH

BEEBRRS - HE
TRBEURMINNE
i - AABEN
BEEELENS W
BF  BEFREEBZE
WMU\BRES - AL
B - WIE S
fBfB(magnetic
dipole) -

- IRIBAEIIAMEARE (Pauli exclusion
principle) - MEAEFABEEER—{E=
FAREE - BEHE—Fspin-up - Z— W&
spin-down - E—RFABEEEF - 8]
BIBEEEF - Hlspin-up - spin-downi
EARBE G AEIE - PRI AR O ER 22
FMBERIRE - 2 E—RTFETH
EEFEIARE)  MAEFHEE T -
IRBERRZARERERETK - SRF
heEP—EHFF -

- AEIREENBREE - HieBEEERAE

BRESENE - BIBEFErIRE - Al

WMEF - EFFHFNEREFE(S) B1/2 -

HERAHEEE—#HONIEREEAM
[E{E(BEPE = 2S+1) - IEESRERIAE - 1)
Aspin-up Espin-down FFEAREE 27§ -

NET MAGNETIC FIELD

-RYZPEFEES - RIRTEFHESR

B2 (even) * thfRY ZFE(odd) * BT

WisE OARMEHE - m Ed—EF 5 E

EEREFHEA - (magnetic
diopole moment, MDM)

(No magnetic (Net magnetic
field) field)
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P EBRY T

« BREIMNIESE  SRFZIE
BB F)NEBIHRIBERETE
WigE - FHEREPTBHE
HBAIANAR - net magnetization)
FHR0 -

JRFBUTEE (Precession)

- RYHEECHELE
ELER  BFE
IR £ #5975 18) -
PUR ERVIE R EE S
EWRZ - RMEZ

- R# - EHEEEBEN

2016/6/15

= Mk 5 RIS .. ..

- BEANSERFZ -

2 F ISR AIER
TE EXIEEE
135 75 18 (spin-up) E2
#A25 £ 1435 73 [ (spin-
down) B9BEA -

fERT - EE—EIE
Z W35 73 [@(spin-up)
AR RASE

R (resonance)



Radio Frequency Pulse

EHLN---BIEREE 2
FEENBEATS----NIRER i
FE N5 B EB0ER ‘\Bo

H At A R E R RO E 4{,

ek

7\

B SRR (TU SR FA R

Gyromagnelic
Ralio

w,=9g°B,

External
Frecession MagnelicFieid
Fraquency (Hz) Sirength (Tesia)

The precessional frequency is
described by the Larmor equation,
wich is the fundamental equation
] for MR

2016/6/15

%R0 = Z L (RFHEINAD)

Prolon sin =80 phese

Mo
i Proton spin &= so\o‘“'
[e j

Precession out of phase -
+— No net magnetization in the
x-y plane

& RFHE NS

« RFEZREAZ AR 7585 AHE
- BEEBEIELZRA - Fspin-up
2B FEZ 2spin-down
o HEEEMEREEXYHFE

- A REE R A0

- EOHEBEEEFEE - EE
B At=EEE
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WRAERFES ... BA MTEESS?Y?
. HEEHFEEEEZE I - o Kt I5 R e ---- z
WA FE[E11E MO T1 recovery dilie %
- BEMMERE T EEKRE - BEESHNRE---- { %AY
— - B AR A0 T2 decay AN

ot 4% T1 548
- 7EB1 RAE - SIRFREBMRAEEIRERZ] « SIRFEFTRIRIAIEEE UEBERN 5
ke - EEISHE  FEEMEL BRI A (attice) - FEERETF
MBIIER - D RER BRI AE #Zﬂ%ﬂiﬁ%%%ﬂ‘@ - SAERVASEE E - BNz
(spin-lattice relaxation)ﬂ] B fie B e 5t 4 (spin- 72 [ERIR MO FI63% P 5 A IS BT &
spin relaxation) - 2 BIZ2Z 7 2RI EIEFX-Y Tl RAFTES ETIHNERE - z p=05%
PENERS - HiZrREE B E (time EWIE -

constant) 72 AUFEBTL MT2 - tANTERBTL oth
FEMT2 th4E -



—
(¥}

T15th & (relaxation)

longitudinal
magnetization

The T1-curve represents
the longitudinal
relaxation time

T2 4%

2 ABL 5N - RIZSRFZUBEERN
I (phase) BfiE - EB1 BB - 9N
mEER - SR FZEESBEKIES -
18 LR IE R IR BE S (FTATE & spin-spin
relaxation) - AR —2 14 (phase

coherence))Hk - BRIRRFZEZEIR -

BENSRFZEFRIE - FX-Y 728
MILEHZHLERE - X-Y DEREDE
MO B937% (T T 2R R 1 63%)BY B fE1 15
BT2 T2 BEHERTL -

R RO T 1R

240 680 809 2500

according to
tissue type

Here is the T2-curve of the
transversale relaxation time.
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R B4R E TR

white matter

1400 Ty
inms

% & EA3E %2 (Imaging)

s T2*--- Spin-Spin EWR B /EA

2016/6/15

T2vs T2*

- EEEEISRBNIREA:

--- Spin-Spin B B FF(K1H)
--- RIS AES (A IRIEIE)
o T2 ---EREEESRENRE

&5 Spin-Spin B G {EF

+EHIHAEE

A A8 4B

JON /Ay /BN e e eee

- FEHEBETL - T2EBAEMIEMERR

- EEZE R B REGSE

s REIRABMIUIWED LK T

s BIUEER-- BEKRE — BERREY
- MENZEBARE - B AK-space F - MRIFY

SAZ T AR



+  Voltage +

R 1% (2 S 4R )

- MRIERFINZANEBRE—BRPHAEIIRF

Zom g ~ SERIEEE - BT B T BRARKP AR
UBNE B INEEEEE - WETEASRPIMA
ZEMNENNE - BERSR - EHREZ AT
RO E 32 12 (slice selection) + X-Y FHEH EE—
B E0X 77 100 Y58 2 4R F5 (frequency encoding) -
AMX-Y FE ES—#AuyY B opEumeS
(phase encoding) - 227£ BB{E 75 MU EEEE -
AR AANIRBRERFKME - FTARINE
i 2158 E W35 LR UK — 4B R ZE 88 (2-D
Fourier transform) -

R IEE  ABMOEANES

Oscillating Sine Wave

IR time, t

» i T
1'.= ‘"L ’\\ ‘ :.

(] 90 180 270 360 degrees
0 n2 n 3x/2 2x  radians

AR vs. FBR

« MRIFH=R: EEHEM - Dlsinorcos 23R - B
£0~360 ° AYABMIE (b

« M (Phase): TE45 & BYKFE 4 P AR SRR 2
(Waveform) fBIR PRI &

« $8F(Frequency): BURBIA - EEARE
HARUE(H (Cycle/Sec)

tEI3E £ (Slice Selection)

- EEHBIE—D
- Y ES EEN—ERERS - BUER
BRI E EEHEARNESRE (B0+G2)

Square RF

[64MHz=x1.5T] 66 7
+ worf
=64 (in MHz)
1.55T. 1.67T
B(inT)

+ -
14 Bo=15 11 18
t
Slice

2016/6/15



EEYIENTT

68 MHz~1.6T
Frequency 1.57
band width < 1 55

64 MHZ~1 5T

3
606162636465666758

~~ 60 MHz~1.4T| Slice thlckness Azl

0 coswot | coswot

coswot |2cosmot 0

-2cosmot o cosmot

0 gradient

0 coswot | cosmo™t

cosmo't | 2cosmot 0

-2cosmot| 0 [coswo*t

> (-coswo™t) + (3coswot) + (2coswo )

O(MHz)
68 MH2-16T === === = ———mm = Gz
|
1
Namower %7 i
[T g SR !
!
65 1
1
64 MHz-1.5T !Bm
—>i el 15 1,ssl|.57 16
Narrower slice
; ' Head
' [ s ;Ez _______ Gz
1
Same 67 i
= frequency +— / ]
band width  gg !
i | i
| /
Lt il !
Slice thickness !
64
s T
/ Narrow  Wide
8 sice  slice
RS

(Frequency Encoding)

column #1:0+(coswpg t)+(-2coswpg t)=-coswp ' t
column # 2:(cos wgt) + (2coswgt)+0=3coswpt
column # 3:(cos wg t)+0+(coswg t)=2coswg "t

Sum of signals = (-cos wg " t) + (3cos wg t) + (2cos w g 1)

-cosmot
3coswot
2cosmott

2016/6/15

[RYaR9ERSRE - 0
AR E

A - LISSER
MAERAZI

(@ B I \V)
—

0 cosmot | cosmot
coswot | 2cosmot 0 — 4 cosmot
-2cosmot 0 cosmot

o] [D[D[D
el < |- [D]D[D
] = @

DENVECE
(Phase Encoding)

* Phase

(taster)

No phase
change

i

gl I ElEllE
©
§

QSIS

(slower)

©0s
(wot+0)

-2cos
(es0t-6)

‘cos
{eot-8)

10



Increasing gradient

Increasing gradiant

Ha

RS RRMIHEE)

%1%,

OO

0
cosmol | 2cosout °
2cotion®)| 0 cos(aot-4)

G
+1

N

=

28

Data Space to image

K Space

Gx

®@+74.:

Pt S W

0
: S
SO T T o[ED
;
1

Sampling Time = Ts

®

©

©

%)

©

@]

L cos{unt+6} cos(we )
coswo | 2c06tt 0
|2coswot-0) 0 cosion*t-8)

MHAIARIBEATR

o XS
---- XA WS
---- Bi%
---- BBH5
o #REl(coil)
---- Gradient coils
---- Shim coils
---- B4R 4RE
---- ERE

TRH K space
’ >
' /\f\f\f\f Thmaee
+120
" »> ’\f\/\f\f‘ TR meec
120
TR#3
+240 W TR msoc
¢ »
240 |
+128
A
OR 1]
-128

2016/6/15
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WmEERNTTT K A M55

o KAWS

. Wi
— B B
. 1B

- BRNERLSE

EERRBREENINRESR  EESE
KA B (persistent current )

--- FBEHEIR(4-6  K)

Gradient coils

- XEBH - YER - 78

BESHHE -
RS .
saT v
BIRER])
R -
|| Z&EH

12



Gradient coils

— Gz slice-selectiont/]EIE1E
— Gy phase-encoding#8 i 4% 55
— Gx frequency-encoding 583 4R 5

slice- phase- frequency
selection |encoding |-encoding
Axial z y X
Sagittal |x y
coronal |y X z

2016/6/15

Shim coils

- WENT

—— R RIS

- E

- R BEMEGSNIESY - BRIZERELS
B AR AT VI EER NI RS BR 15415 + shimming BT 1L
R EBABRTEIHR -

MRI safety
- FEREBENEIMRIERABEEZBE
- (VB ER R 28
- MEK

- EYNRET) - Bx - S5....)

. RFEERIHNFE

BB s

—AEH - B

- REBRPEAS (S R BB
BEE R RS
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SAR (Specific Absorption Ratio)

- SEMESHNYEE - EARFEEEEIE - &/
MESREERULRIELBI ( EEfi: WI/KQ)

- KIBFDARIFREE - A1SiE8E 4 WIKg

- REHIEMI - SARBHRU T BFEIAE

« SARBEEEMNYIE - U FHIREIR

RF temperature limits

Operating mode Core temperature rise (°C) Spatially localized temperature limits (-C)

Head Torsa Extremities

Normal 0.7 38 39
First-level controlled

Second-level controlled =1 =38 >39 =40

JReIfR1ESAR(E

« {8 quadrature coil #1TRFAY 38 %%
- RS coil O] [FRFEITRFRVEE XA

- B EEF A body coil EITRFAVEE X

« IBIITR

o« B/ IRHTRE
« SHDETLHRE
« JB/DTSED refocusing pulse flip angle

2016/6/15
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Contrast

+ Contrast was introduced in terms of the image
appearance, or relative brightness of different

o (Contrast) tissues and pathology.
» Image contrast arises (or doesn’t) when tissues
Iy generate MR signals which have different
— %J‘tli‘éﬂ’]mﬁ:; intensities because of their physical properties,
FEHR S WA RKER i.e. T1 and T2 relaxation times and proton
density.

15
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Here’s the maths bit
Mathematically we can define contrast as

where S, and S, are signal intensities for tissues A
and B.

Signal-to-noise ratio (SNR) is defined as

signal
noise

SNR =
Contrast-to-noise ratio (CNR) is defined for tissues A
and B as

Su— Sy
noise

VR, =

In the simplest terms spatial resolution of the voxels
is related to the field of view (FOV) and matrix thus

_FOV , FOV

=— y=— Az=slice width
Nee © Npg

Ax

TE and tissue contrast

80 2 160

TE (ms)

(a) (b)

TR=1500

TR=1000

TR and tissue contrast

(@)

Signal

0 400 %00 1200 1600

TR (ms)

Spin Echo
short TR, short TE

rel. short T, like WM

rel. long T, like GM

i lo like GM

TRims TE =

2016/6/15
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T1 effects and pathology

T1 effects on the image

short T1 - bright
« fat, fresh bleeding
» paramagnetic contrast agent (gadolinium)

long T1 - dark

* Neoplasm,

« edema, inflammation,
« pure fluid, CSF

Clinical image appearance

T2 Effects on the image

short T2 - dark
« iron deposits in liver,
» magnetic suseptibility effects

long T2 - bright

* edema,

« inflammation, Gliosis,
* pure fluid, CSF

TR>1800ms TE>80ms

Spin Echo
long TR, long TE

M, rel. short T,
like WM

rel. long T,
like GM

Spin Echo
rel. long TR, short TE

TRims T

T2-weighted

proton density
weighted

2016/6/15
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Clinical image appearance Flip angles and contrast

proton density effects

(3)
low protondensity-dark R & R Y NSRS e |00
« calcium, air, cortical bone, ligame '
white matter
high proton density- bright 7 “d
« fat, bone marrow
A CSF
4
N . N 4 / 0 30 60 S0
(b) « (flip angle)
TR~1200ms TE~25ms
TR=150, TE=4.6
T1=200 TI=400 N — Spin Inversion
“/’ ‘x Conventional Spin-Echo 00 Echo g0 -~ Recovery .
, A\ 0
{5 ’( e TE ——3 e T ——
‘\ /\ =‘ 4M= *MZ
NSO - Lf} ‘}
TI=1000 . .
ey =
. -Mz -Mz
0 200 400 600 800 1000
(b) Inversion time (ms

TR=4000, TE=19
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Invention recovery (IR)

Null point

Advantages of IR

— Selective tissue suppression possible
— Twice the sensitivity to T1 differences
— Additive T1 and T2 contrast

* Disadvantages of IR
— Longer imaging time
— Higher energy deposition (SAR)

STIR image ,
Flair

Null point

20



FLAIR in Brain MRI

Disadvantages of IR

Longer scan times
Increase in flow-related artifacts

Signal-to-noise can decrease as tissues are
suppressed

Higher specific absorption rate (SAR) due to
additional 180° pulses

2016/6/15

Selective Nulling of Signals based on TI

T2-FLAIR

TI =180 msec TI =400 msec TI = 2500 msec

Fat White Matter CSF
suppressed suppressed suppressed

KE—"FIEI

21



ood

R iE R

MR ik éﬁ_gﬁ? "% W B 71

& F A H KA

¥ £ R Byt

charles198217@yahoo.com.tw

1

AL B

m MRA A R p * v 5 (Spin echo)
m % 5 7| Bl (Pulse sequences diagram)
m 7 ¥ %45 (Spatial encoding)

e Slice selection encoding(Gz)

e Frequency encoding(Gx)

e Phase encoding(Gy)

m K-space 5L »
m P-:# p *Ew 5 (Fast spin echo (FSE))

Reference:

1.MRI The Basics (3rd) (Chapter 7~14) ]
2.MRI IN PRACTICE(4td) (Chapter 3.5)

3.MRI From Picture to Proton(2nd)(Chapter 7)

MR i 42

B D> R %
RF*% 2> g it & o3

VREBH DO ER

R ES D 3T 5B T %E
BB D 42T A B B AR

¥ f3+ & > FOURIER# 4%

/!
RF

~ AR SnAG)

Q

RF receive

MR basic principle
5/1000000(= - s & =+ ¢ & % 5~618)

Anti-Parallel

Higher energy state
My=0

Parallel

Low energy state

4




EBAEE e B HhRE T

[
1 million_
1 million /
million ~
= Umillicn+3 A|E
1millicn+6
” il 15T
B [+ (Tesla)
L ALhirie

X

doie i A KA 7
m TRAAD - e BAE(B) R < R (M) i
m RFehie s = Mo 6 i 5 4157

RF #% fbr(18. 433 25 3)

B1 ;; ,} ”‘i -+ \:: l;”f‘] "‘147\ B
RF Transmit %f@ i;_( \L[@,}i o g‘) 6

RF# * ¥k ffr s &

m Larmor frequency o=yB,
m 8 & (flipangle) 6=yB,t(B, s RF*% et 35 > t 5 P AY)

* y=(resonance)

AAE S AR R HRE 2T er T2 5 R PR % on (_D)

Anti-Parallel RF Transmit
Higher energy state

ﬂ_ Resonance
ﬁﬁ » bR £ EEhy

BHEFIRFORERE

a\ BR3P oo & £
—3
—3
(8 > PRFHE F %+ 0)
BO Parallel
Low energy state

M, 8




+ & (resonance) OFF
Anti-Parallel
Higher energy state @

é: : : | RF Transmit

LA AL AR

%
Bo é@é@ RF

Parallel
Low energy state

Eeeess—

dephase {r rephase i 4%

Z EE P 4 £ > dephasef §
0 0E P v 2R B >~
N
¢F, b "‘ ? \ 4 2 »
JE 17 %+ 2135 (rephase) E:»\“““ B iRk
\ \,rephase

\ B1 1804 RF
= Y
+ REB1EE

“...B190R RE

L. K '.. -----

: rephase
X B EREEL HiERE

10

B 3% 3 (sSpin echo)™x fF & 3

@@@@@

TE/2 TE/2
180° ¥
TE/2 TE:RF® r5| v § ¥ & chp ¥
H SE?’ DELHD-% SasPE=F|
................................................ 12 .
@ e /\ .......... A A
SV e | e VU
- dephase rephase
— —
FID echo "

B BR R A A K-S B B

SHIELD : 24 mm

' . 4 slice selection, phase
J encoding §- frequency
encoding #t g RSB
¥ &3 RF% {
PATIENT RF_CO RN
RAD B » ¥l 4%";( \-,5‘._.
TABLE
PF- 3 - it
Ll = T 3 ST
GR:P‘E"T = [1:NS @ enT B
W D OR b EX
T e & 4B BB )
‘ PULSE PROG 3.4 g4 (shim coil)
T i il Dl glierti 3 AR H-cis 3 B +1~5ppm

UUR & 2 & :10ppm/h (6~7 best)
AEREFN(CIERY)
A # 7% (shim coil) 12




v

¥ B 4% [B] gradient coils

m Alter the primary magnetic field X
m Gradient coils in the in the x, y & z axis
m Responsible for loud noises of MRI z
MRI Scanner Gradient Magnets
& @ SN T
z X 'I
Transceiver ] %
j Patient ——

¥ B & ¥-(gradient coil » Gx » Gy » Gz)
z( slice-select) ~ x (phase-encoding) -y (readout or frequency-encoding)
BB s E3M R RAEE R B (exis EFz o EXyT )

n R USRI R Z : no signal
mEHE R PBR LD L] MR| XY :signal

z

s

14

o . oy W o . 4k we=YB
B RES- &SR B T w§+A3)=v(Bo+Gy)
We~Aw=Y(By-Gy)
m HARAD - BRI - B - g i Alinear
= BWEE A R 9 BRI TR
Max gradient

cosine &35

15
from:4f % ~ pptecihd &

Spin Echo (SE) & & B

90

TR
180 90

RF % fi= > t
Gz i K i [] [ ] [ 1+
L L L
Gy 48 = %45 > t
rephaseidephase
Gx *i;T_f% Y48 I | ! | | I > t
— Ll
EX E&%E% dephase nl\
Echo % & el Ay > t
« TE \lV
16




L _

¥R ES T Rl R R

RF < R > |IRF

BRESIo% B A
(Gradients and changing field strength)
(How to select a slice?)

O shallow
O steep

o(z)=y(B,+Gzz)

we=YBy
Wyt Aw=y(By+Gz)
we=AW=Y(By-G2)

RF 41.20MHz-A

RF 43.80MHz-C
] ! 1] %
0.6085T 1.0T 1,008T Q

(8993G) (10000G) (10008G) .
42.30MHz 42.6MHz 43.38MHz RF Transmit

*» m E R slice thickness

m  We can excite one slice by an RF pulse with a specific frequency range.

m This range of frequencies determines the slice thickness and is referred
to as the bandwidth. (SHESREHE R TR B R PR F 5 M)

w(MHz)

Gz
68 ______________ G_Z __________ 7“' .
AT 67 i o=yB =y(Bo+Gzz)
PR : I - BoHEN- Bzl
66 / | o PRI 2 X B
' Ao (BW) =yGzAz
65 !
64 —_— : —B(T)
15T 1.55T | 1.57T 16T

-t

F G -] 19

L o —

i k& ¥ B 23 (slice-select gradient, Gz)

m  We transmit an RF pulse with a bandwidth that has the appropriate
center frequency.

m This gradient is turned on only when we transmit the RF pulses.

m  When we transmit the 180° pulse(rephasing pulse) for the same
slice, we activate the same gradient.

m Two types of RF pulses
e Slice-selective: only a certain slice of the body. used in 2D imaging.
e Non-selective: excites every part of the body. used in 3D imaging.

20




i & ¥ R 23 (slice-select gradient, Gz)

S  Bo"
“GEiep RN chEE

R GERF AT N - -
FREETT A L

PR SEEHE

i

», \ 4

B F = 63.87 MHz 2

from:4f % < Fcappticshds %

Fourier Transform #& #¢ (RF)

m time domaini# 1 frequency domain - 3 &R 5 ¥ g 5 g
n FHEFOFEFRZRERL P AR EZ Y X
m B PR F ORFR R - RS

time domain frequency domain

-fmax | +fmax
—

#7 % (bandwidth)= +famx = 2famx

PR R BRI R AL
22

Fourier Transform #& 3% (RF)
waveform and bandwidth

m A narrower RF pulse = a wider frequency bandwidth

A@% — !
ElL 0| Ymax

Wide wave form RF Narrow bandwidth RF
(low wmax)

———
(215

Narrow wave form RF Wide bandwidth RF
(high wmax) 3

—

Fourier Transform # #& (Echo)

m time domainit  frequency domain - 3t &35 ? GHE 5
W GO ER R R RS *

Cos it Cos 2mt

24




*» m £ & ¥ & (slice-select gradient, Gz)

W R BT K R HEET e R T R
O EERDR N  E R 7 6

25

(phase encoding, Gy - frequency encoding, Gx)

EThe spatial information regarding each slice

4coswt -1cosw,t + 3cosw,t + 2cosw,*t
0 cosw,t  coswt 0 coswyt  cosw,*t
coswyt  2cosw,t 0 —p  cosw,t 2cosw,t 0
frequency
encoding
= & 3
-2cosw,t 0 coswt CREFL -2cosw,t 0 cosw,*t
Wy=YB, ey
Wt Aw=y(B,+Gx) Towest No X
Wo-Aw=Y(B,-Gx) gradient 26

7 B Y% 75 (spatial encoding)
(phase encoding, Gy - frequency encoding, Gx)
m  We can analyze the magnitude of each frequency component using FT.

-coswyt +3cosw,t + 2cosw,*t

S(w)

-coswo

3coswot:

2coswo™t:

7 B %75 (spatial encoding)
(phase encoding, Gy - frequency encoding, Gx)

m Turn on phase encoding (Gy) between 90° and 180° RF pulses or
between 180° pulse and the echo.

Yy Gy
highest
0 cosw,t cosw,t 0 cos cos
° ° (Wot+6)  (wot+8)
cosw,t 2cosw,t 0 — cosw,t 2cosw,t 0
o o ph ase No o o
encoding
P AR A -2cos cos
-2cosw,t 0 cosw,t
(w,t-8) (w,t-8)
w=VGy lowest

p=Awt=yGy t 28




7 B Y% 75 (spatial encoding)
(phase encoding, Gy - frequency encoding, Gx)

m ORI R PAREE LA rn S (R g G oA
O RE RGPS R R B R R

Yy Gy y Gy

(:;fe) (w(:?tie) @ ......

cosw,t 2cosw,t 0
-2cos cos ﬁ """" i \
(wqt-6) (wq*t-8)
Gx Gx
X X
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90
RF #% e |_ |_| > t
Gz £ & S I_IU I_IU I_IU > {
Gy #p i 45 > {
rephaseédephase
Gx 48 & %18 HEEEE > t
= ; L1
EX ﬁu&}fnﬁ% dephase \ (\
Echo % % \,'\V’\U; Ay > t
TE V

*» w £ & ¥ R (slice-select gradient, Gz)

m Every time we apply a gradient. we dephase the spins.

m We apply a Gz gradient to select a slice. but after the slice is
selected, we need to reverse the effect of dephasing (refocusing).

90 180 90

RF % ffr |_| |_| > t

r

Gradient in positive direction

Gz & & Safh I_||_| I_llJ > t
Lt Gradient in negative direction

(refocusing gradient) 31

5 Sl 1 R
(frequency-encoding gradient, Gx)

m Without a proper compensation, the signal intensity will be....
e Decrease at the time in the middle of echo
o Maximum dephasing at the time in the end of echo

Echo
Gx
Maximum dephasing
N o
0 TE Phase shift at time TE -




A StG P R
(frequency-encoding gradient, Gx)

m We apply a gradient in the negative direction that has an area

equal to % of that of the readout gradient.

Echo = 4

A\ 4
~—

o
3
=
i}
S
%I;;
N
\ 4
~—

\Spins dephase

Maximum & difference
with negative Gx

Spins in phase

33

L

P RBEST G R E

RF| < R

rephase

\y
BpivaceidF[SE):rephase | dephase
/ R -
a0 1BC 90
RE H |kositiye
amplitude
Gz 1Tl [ 1 ¢
T
phasgencodmng F—3 |  Kx
Gy > t
frequency encoding
negative
Gx L‘anpl&ﬁude
Ay
Echo VA\/Au“u’\v“v > ¢

m Spin Echo K-space

rephase

Phase encoding

Gy [ t

Gl\ A 44 t

Frequency
encoding

Kx

36
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m Spin Echo K-space

Ky
rephase { dephase
phase encoding > 3 :
Gy. |:| t OO0 O0O0lO OO O
A r A 3 A A[ 1 n'KX

G)\ I_ 11 'Y W t

frequency

encoding
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K-spacefi Bl#.F :rephase | dephase

\ 4

positive e i >
amplitude
g 2~ 7 >
// >
d N = /J / :
A » Kx

v

Koo BV e 3 o

Bp gz §

PEHE- 2 /
Gy 15 >+~ ®BIR

WIW@—» - #TR

negative
amplitude
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K-spacefi M rephase | dephase
1TH: |
£ oJoXoXoXo (oXoXoXoXo)
g
§ (o) Maximum signal in
E center of K space
No gradient B _C ) Kx
5
8 detail
3 G
£
[72]
o 0000000000
<1 . g || 127

< o 39
G < | »G

Maximum signal in

center of K space \
d
ephase

40




K-% ¥ ehif % (Edges of k-Space)

m The periphery of k-space provides information regarding “fineness”
of the image and clarity at sharp interfaces.

m The FT of a truncated sinc function has ring down effects.

m The shades of gray are determined by the magnitude or amplitude
of signal at each pixel.

Signal

Truncated Truncated

/ F.T.
e —

41

K-space i+ % 1o " % it B: K-space = % v "% ¥ /& Bl
Ky = +/-1 ky=0

kx =0 — Gx kx = +/- 1
ky
Gy | |

\ 4

kx

P

cycles/FOV cycles/[FOV
| swwrawg 4 “ | swwpang 4 "

from:4f % v scippt:cshnds & from:4L % < Jeikpptic s %
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K-space = % {- % ¥ & Bl
/ Ky = +/-1
o Gx kx = +/- 1

ky

cycles/FOV

45
from:4f % ~ Htppticshd

2 fg'\ = % A58 ip et ’fﬁ“,’{;fr

IF Tl MEEL]
B WL "N
O diph. N
e N

|
i
BE_ e |

X 2,225,000 x 583,000
N /

pa N P
S ELE

46
from:4t % < Jeapptic s

Lo HE

Brifo = &R e e
ky
1
0000000
0000000
OOQ@QQO X & 8Riz i
— OO OO O kx

0000000
O00QEOOO0
O00QOOO0
cyclels/FOV
| wvsepmenpowa T

Foife = LA = et e

64X64 k space

X L ety

cycles/[FOV
A A AEAR S S BTk 4
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B = & AR 0 e R e

ky

256X256 k space

X B 508
kx

cycles/[FOV
I ARG A AEAR S o2 BTk A
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from:4f % ~ tpptecihd &

Wespéice Bibh A & 2 3R 82
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rom:4t 3

]

:ppticihds &
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m Fast Spin Echo (FSE)
90 180 180 180 180 180

RF > 1

m Echo Train Length (ETL)

90 180 180 180

180

180

I

A 4
—

RF




180° #1 #2

g0 180° #1  #2 #3 #4 45 #6 ' m
AN N NN NN NN

Zero phase 34 g e{s 0 E 6 T2W i 4

180

_f N _Ir \_l.nL_ll R__IL‘ \_lml_,_m__{ TN

. EE: |
FSE g2 FSE# 2k e = TR
1.7 6 BB B0 i E FRR TE+Ts/2+T,

1.4 4 P55 i< (ETL)

2.SNR## - #(Nytp =7 € sz %

ET

3.5 TLAPER N F R 317 8 BH(512x512:0p B i 3 1Y) 0 Sicel  Sicez  Sices
2 41 T I0ig A
.CSF & PDW¥ v s

F L
4&%,':? ”‘; jh? gfg‘ N . (BETE 5 - § 3 - 2 T2>0i(CSF& #r ) @& * ‘BAETL{r# B 7BW)
(180°% e~ B > 1% #w 3 £ % 4P (even-echo rephasing)) MSprz H 4 PR A AL g (R AR SHETL- ] * FLAIR)

3.FSE"¥ 2 4 enMT## (37 % i 1800%% 7 » F A (BWid =)

4.0 ¥EFE 2 T2WE Hin®i & AFSEZ 4o 2.CSEX (R 71 5 MTi =)
6.FSER: it 3 455 pdkomsdhian £ & v CSER ok 1 4 (ETL) 6.8 Rt e CSE (14 3 ¢
6.75 % L T2WeFSE i ® fi % (f% /41 42: FAT SAT)
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Fast SE:- # TR % =t phase encoding

30 180 180 180 180
RF 4_+_¢|.—+—+7

— [F — 3 slice

—> 41 % F phase encoding

oo— 4l o W

S — ﬂuL,_,..ﬂu_uﬁw_,w\..— —Echo train length = 4

— Scan time = 1/4

57

m FSE K-space Ky

+128— 0 00O |00 0O

ETL=38 OO0OO0O|O0OO0OO
OO0O0O|O0OO0O0O0

| T T4 8—0000|0000 K
coooo0|oo0o0O
Gx ””u ¢ 0000|0000

an OO0OO0OO|0OO0O0O0O

+128

I Frequency

58

K
m FSE K-space “y

+28— OO OOloOOO
Q0000000
O000loo0O
ETL=16 OO0OO00|0O00O0O
+128 Q0000|0000
338819989

Gy 118 8— 5000|0000 Phase

¢ 0000|0000 Kx
-8 0000|0000
O000loooO
-127 O000loo0oO
Gx LI 00000000
Lﬂan O000loocoO
8003|6833

Frequency 50

Scan time (SE):

T=TR x Ny x NEX

m TR : Repetition time
m Ny : Phase encoding=n=x #c
m Naq : Nex (Number of excitation)

m Scan time (FSE):

T = TR x (Ny/ETL) x NEX

60
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Spin echo: acquisition time
] TIWI  SudyTime SL T2WI  sudy e

m T1WI: 666.7 msec (TR) x 512 (phase) x 1 (NEX)
= 341350 msec = 341 sec = 5 min 41 sec

m T2WI: 3650 msec (TR) x 256 (phase) x 1 (NEX)
=934400 msec = 934 sec = 15 min 34 sec

m PDWI: 3650 msec (TR) x 256 (phase) x 1 (NEX)
= 934400 msec = 934 sec = 15 min 34 sec

61

L N

Fast SE: acquisition time

TIWL sty Time ¥ T2WI

L

m T1WI: 666.7 msec (TR) x 512 (phase) x 1 (NEX) / 4 (echo train length)
= 1min 8sec

m T2WI: 3650 msec (TR) x 256 (phase) x 1 (NEX) / 4 (echo train length)
= 3 min 54 sec

m PDWI: 3650 msec (TR) x 256 (phase) x 1 (NEX) / 4 (echo train length)

= 3 min 54 sec
62

L S

Fast SE: 5* 5= g d=:% 2

T2WI: 5750 ms x 512 x 1/ 14 T1WI+fat sat +C: 600 ms x 512x1/3
=210 sec =102 sec
=3 min 50 sec =1 min 42 sec
63

500 ms x512/16 x 1 =16 sec
LGB e, B> a6k
(*r6 i phase, #* B phase 16 sec)

64




MR cholangiography (MRCP)(SSFSE)

B7 Jfii

(re %
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Wi g
W% F]
EMIP (
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Thanks for your attention!
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Gradient echo

< »
TR
a® a°
RE N\ n. .
assl | m..
T T
o | e ---—--
e[ = R
Signal i ‘.lr' ”””””””
EG(FID) EG(FID)
TE

The Idealized NMR Signal!

!M‘) ngmy

With the B, field turned off,
each sweep of M generates an
alternating current in the coil
at the Larmor frequency

Actual NMR signal, called a
free induction decay (FID)
' The FID oscillates at the
oo Larmor frequency but is
S damped by a process we now

call T2* decay

The NMR signal observed is not a sine
wave of constant amplitude. but one
that decreases exponentially with time

What is a free induction decay (FID)?

* Pulsed methods :the main magnetic field is
held constant while an RF-field at the Larmor
frequency is pulsed on and off.

* Immediately after the RF pulse, transverse
magnitude dephasing and induce signal
called "nuclear induction decay" or "free
induction," which today is commonly referred
to as the free induction decay (FID).

Characteristics

* The gradient echo sequence differs from the
spin echo sequence in regard to:

--- the flip angle usually below 90°
--- the absence of a 180° RF rephasing pulse

Free induction decay (FID) 1 RF pulse

Gradient echo (GRE) 1 RF pulse + gradient reversal
Spin echo (SE) 2 RF pulses

Stimulated echo 3 or more RF pulses

2016/6/15
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The advantages of low-flip angle

What is a gradient echo, and how does it differ from an FID?

excitations
' e e * Aflip angle lower than 90° (partial flip angle)
MWWWMM_ | “'u;w— decreases the amount of magnetization
‘M‘l - u¥ tipped into the transverse plane.

* The consequence of a low-flip angle excitation
is a faster recovery of longitudinal
n B n e " magnetization that allows shorter TR/TE and

! decreases scan time.

pae v e oo Sy gzt
Flip angle = 90

Mz
Longitudinal magnitude = 0%
s
Axial magnitude = 100 %
] 50
M
o Ox
s
100
Fipangle o o o

Oy,

86.6

o= 90° o =30

Flip angle = 30

w

Longitudinal magnitude = 87%

Axial magnitude = 50% ™
Mz

Ox M

50

P . fi) - firz)
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180" RF Pulse In GRE Echo time in GRE
Bi-lobed Gradient
Mo RF _fo\ f“\
Mz
Gx
t=0 ” Mxy M:xy
t=TE/2 After 180°
Mz ! RF Signal
TE
Bi-lobed Gradient Advantages of GRE

Increased speed

2. Increased sensitivity to magnetic
susceptibility effects of hemorrhage

3. 3Dimaging in reasonable time
Imaging of flowing blood (i.e MRA)

refocus




Disadvantages of GRE

1. Decreased SNR caused by small a, reducing
the transverse magnetization, and very short
TR

2. Increased magnetic susceptibility artifacts,
most noticeable at air tissue interface such
as in the region of paranasal sinuses or the
absomen

3. T2* decay since there are no 180’ rephasing
pulses

Short TRs

Small — >
recovery —> TR

Very short TR

Figure 20-1 After a 90" pulse, longitudinal recovery after a short TR will be very small.

The contrast of gradient echo

Small Large
a + PDW ' TIW
TR +TIW * PDW
TE } PDW A T2'W
Short TRs

Mz
Initial longitudinal Bl
magnetization \
. Lﬂ Mxy
Longitudinal and subsequent

tranverse magnetizations after
a very short TR

Initial transverse
magnetization

Figure 20-2 (A) The initial longitudinal and transverse magnetizations. (B) After a short TR, the subsequent
longitudinal and transverse magnetizations will be smaller for a 90" RF pulse.

2016/6/15



Small Flip Angle vs. short TR

s 1) 2 =90°, TR=0.1T1
70°
Sis , — Mz =0.095 M,
k)
° (2) 0 =25", TR=0.1 T1
' —Mz=0.22M,
2 10°
00 5 1 15 2 25 3
TRT1

Tissue Contrast - FA

Tissue Contrast - FA

\\ MO_A __________
\ M B“‘=1O
\ z A
\ o =90
B
\
\
RS 0

Figure 20-12 When the flip angle is small, it is

Figure 20-11 A angle results in a large ...
e 041 A small flip angle results in large difficult to discriminate the T1 contrast between two

amount of longitudinal magnetization. T
- 8 tissues. Thus, small & reduces T1 weighting.

Tissue Contrast - TE

2016/6/15



Fast Scanning Techniques

GE Siemens Philips
GRASS FISP TFE
SPGR FLASH T1 FFE*
SSFP PSIF T2 FFE*
FSPGR Turbo-FLASH |T1 TFE**
*TFE, turbo field echo
**EFE, fast field gradient echo

How can we do???

To mengent residual transverse magnetization is

managed:

* gradient echo sequences with spoiled residual
transverse magnetization

* steady state gradient echo sequences that
conserve residual transverse magnetization
and therefore participate in the signal.

2016/6/15

Steady state
lév |‘ |—‘ﬁ Mxy + Mss
Before After 1st After After 2nd
AB o RF o RF TR o RF cD

Figure 20-9 A-D: Because TR is short, a fraction of transverse magnetization remains at the end of the cycle,
which eventually reaches a steady-state M. This steady-state component is affected by the next RF pulse.

Spoiled gradient echo sequences

Type of sequence Philips Siemens GE Hitachi Toshiba
Spoiled GE T1-FFE FLASH SPGR RSSG RF-spoiled
MPSPGR FE
+—>
TR
a° a”
RF ﬁ. ,,,,,,,,,,,,,,,,,
sl o ..

signal A i

EG(FID) EG(FID)

4+—>
2 IMAIOSPE14
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Principles Basic GRE vs. Spoiled GRE
* In certain cases, the steady state can be
detrimental, namely for obtaining T1 weighted e T
sequences. . spo;i:g(::—f““:;::: —
* To resolve this problem, gradients and/or RF Sior =Nl ———————— R pinilf =R

pulses (spoilers) are used to eliminate residual Rt — [ — ww — [ ool
transverse magnetization. Phase & e —E———————
Signal fJMMW‘ Signal —.W'—
SPGR (spoiled GRASS) Lengthening TR
* The word “spoiling” refers to the elimination * The method to achieve spoiling of Mss is by
or spoiling of the steady-state transverse lengthening TR
magnetization: « When TR is sufficiently large (generally over
1. by lengthening TR 200 msec), there is enough time to allow
2. by applying variable gradient spoilers complete dephasing of the spins in the

3. by applying RF spoiling transverse plane



Variable Gradient Spoilers-2

o o o

RF N\ N\, N
e B =
L] Varl_[ab\e L] Van{able [
spoiler spoiler
oA y
Y Y

Gx l

T

[
7

Echo

Af\m[\nA Anﬂm’\{n\
A A

Figure 21-6 A PSD for spoiled GRE by using gradient spoilers.

(@)  Phase
o, o, oy

Dephasing ~

\/ ,,\ /\/ Time

‘Fresh’ FID

Gmdm‘me ‘ //—\ ‘ \

Variable Gradient Spoilers

RF Spoiling (phase offset)

Mz 4777 w T
! N
I
My Mss — Mss

Yy

Before RF After 1st RF Before 2nd After 2nd RF
AB RF (phase offset)

Figure 21-3A-D: Spoiling o

SPGR), in which a phase offset is added to each successive

e steady-state transver

RF pulse

C.D

ization can be done via RF spoilers (as in

2016/6/15
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RF Spoiling-2

(b) Phase
ol
‘Fresh’ FID
Mss Spoiled — TR can be shorten Disadvantage of SPGR(FLASH)

* Increased dephasing caused by
inhomogeneities in B,

* Increased magnetic susceptibility artifacts

T2"Edecay Mss Spoiling

* Increased chemical shift artifact
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FLASH Dual/Multi-echo GRE

= Several echoes can be created after a single
RF-pulse by sequential gradient reversals
* Permits “in-phase/out-of-phase” imaging
700, TR=100 100, TR =100 + Echoes may be combined (MERGE/MEDIC)

Steady-state gradient echo Basic GRE vs. GRASS/FISP

Type of sequence Philips

Siemens GE Hitachi Toshiba
Steady state GE FFE FISP MPGR, TRSG FE
GRE
Steady-state gradient echo “Basic” GRE Pulse Sequence GRASS/FISP Sequence
o PN PN
i e e
RF t ) Alternating LK
= ) ST W 52
ae a° a \
0 n n T T Extra
w d Y S —— Rt — [ — ——/
ess A o - A ot

QP 00 8 = Phase —é—@—
Gfﬁjjj:‘—[djjl— ,,,,,,,,,,,,,,,,, S i S Al

Ssignal 'll.' '\.'" 777777777777777777
EG(FID) EG(FID)
H
= IMAIO SR 4 =

10



GRASS/FISP

* Residual Transverse Magnetization

M
M
Myy Mss => Myy + Mss
Before After 1st After After 2nd
\B O RF o RF TR o RF cD

Figure 21-1A-D: A residual transverse magnetization that reaches a steady state M, remains after a short TR.

T2-enhanced steady-state gradient echo

Type of sequence Philips Siemens GE Hitachi Toshiba
T2-enhanced steady state GE T2-FFET2 PSIF SSFP FE
+—r
TR
a° a° a° w
RF N N il n..___
ces— L Il Il |
j— . [
~—8 96 06 0
[ __) 1
()] [ [T
sione ) T G
ES/ES! ES/EStl:
<
- TE " A
= IMAIOS 2014

2016/6/15

GRASS/FISP

o o o
RF—Q ‘fl\ A
I '|
s L] " [T
: ) Rewinder: |
| y | w
Gx l £ l
= -
| 5 |
Echo 1 AVAUC\UAVA ] nanmUAvA
TE

Figure 21-2 A PSD for GRASS/FISP. A “rewinder” gradient is applied along the y axis at the end of the cycle to
reverse the effect of phase-encoding gradient.

* In T2-enhanced steady-state gradient echo
sequences:

--- residual transverse magnetization is
conserved

-- the sequence is inverted in time, compared to
the preceding sequences

--- only the echo corresponding to the Hahn
echo, dependent on T2 but weaker than spin
echo, is recorded

11



SSFP/PISF

Signal wwas

TR<TE<2TR - T2W

SSFP/PISF

Advantage of SSFP/PISF
Decrease dephasing due to inhomogeneities
in B, compare with GRASS and SPGR

Decrease magnetic susceptibility artifacts compare with GRASS and
SPGR

Decrease chemical shift artifacts(dark band) compare with GRASS and
SPGR

Disadvantage of SSFP/PISF

Decrease SNR due to the use of longer TEs (TE>TR)
Increase sensitivity to non-stationary tissue

SSFP/PISF

o o
RF — M N2 M3 A4
o P [ [T]
J | B ] ]
| _Phase #1 Phase #2  Rewinder #1 Rewinder #2
@ —0) 0—60—F
T
T~ Opposite gvauMcs«e gradients S i
Gx [ (EH| ]
U =l E=d
T2
| FVD\M\‘N~L;7\——__
E #1 _—_—
Echo : [\UA “'AU‘ ny
| ¢——TR——p | ——TR—>
I

TE
for SSFP/PSIE. Each « pul

n turn will result in
by T2 (not T2*

The Characteristics of Various GRE

GRE Technique SNR CNR Comments
Best possible Rl
GRASS/FISP Highest p steady-state
T2/T1
component
- Spoiled
SPGR/FLASH Intermediate BestTploV?Iﬂble steady-state
component
Gradient-
SSFP/PSIF Lower Provides T2W recalled SE,
TR<TE<2TR

2016/6/15
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The Characteristics of Various GRE

Medium flip, Short
T1 contrast - TR/TE

ety e Low flip, Medium TR, | Low flip, Medium TR,

Short TE Short TE
Medium flip, Short
T2/T1 contrast TR/TE s
T2* contrast Long TE Long TE

What is GRASE ?

* Some systems call the number of spin echoes the
‘turbo factor’ and the number of gradient echoes the
‘EPI factor’

¢ Typically three gradient echoes will be used for each
spin echo

m

i

-

|

What is GRASE ?

* GRadient And Spin Echo (GRASE) or
Turbo Gradient Spin Echo(TGSE)

* A fast segmented sequence that combines a
multiple spin-echo train and intermediate
gradient echoes

X
Scan time = TRX N
Nspin echoes X Ngracliem echoes
Advantages of GRASE

* Much less RF power is used
* Higher ‘turbo factors’
* More like T2-weighted spin echo than FSE

* substantial ringing artifacts in the phase encode

direction

2016/6/15
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R AR R

WO fEDGRE Y SRR, 4R T 5 MR
m FLAIR, STIR, fast FLAIR , Double IR (Chapter 7,25,28)
m Spatial presaturation (Chapter 23)
m Chemical presaturation (Chapter 23,25)
m Magnetization Transfer saturation (Chapter 25)

Reference:

1.MRI The Basics (3rd) (Chapter 7,23,25,28)|l
2.MRI IN PRACTICE(4td) (Chapter 5,6)
3.MRI From Picture to Proton(2nd)

L S

B SRR i B g
tissue suppression techniques

driw ﬁi—f.%k B e ?
m {]* saturation= % 4
m Tissuex R4 5 7 IF
m T1 relaxation 07 [

Tk T B &4 %
m Suppress two common targets fat and water
m Suppress other silicone and blood

R R AT

W~ & v % i (Inversion Recovery | IR)
* STIR ~ FLAIR -~ fast FLAIR ~ DIR

W - & (4F 3 )7F 42 f- (chemical persaturation)

B 7 i 7§ 47 - (spatial persaturation)

¥

Wz £ & # (Magnetization Transfer , MT)




a

MRES FY -2 & %8

TR (repetition time) £ 4§ p* /¥
TE (echo time)w & p& ¥
Tl (inversion time) ~ #& p& fF
FA (flip angle) % & & &

TR .

480 90 180 Echo 480 90

a
\ 4

A
\ 4

a
v

ol B [

T1 3 ¥ ( T1 relaxation)
T1 value = Mz tx4g 3] M, i1 63.2% *+5 2 P& ¥

I T1 GBS EfR G 7 (ex:90°5]90°:np* )
y
/ TR
X 90° 90°

&= T1 .E«%‘
£ T1 35:%‘2

63.2% 63.2%

Mz(T)=M(1-eVT)
/T1=-1, Mz=0.632
/T1=-2, Mz=0.865
4/T1=-3, Mz=0.950
A/T1=-4, Mz=0.982

R (TR) 6

Mz 2 5555 &

F ok w 4R B
Inversion Recovery

180 B "% fbr > 75 Baw £ 30F w»
EF#T1 5 %2 (Tl Inversion Time), % &4F el 141t
3| Pq i (& CSF)w 48 I % BR{S B 4B i
1.5T = Tl i@ ¥ % 140 msec (STIR-#r+#/fat)
(Short Tau Inversion Recovery)

1.5T = Tl i ¥ % 2500 msec (FLAIR-#r+#]CSF)
(Fluid-Attenuated Inversion Recovery)

L —

STIR - FLAIR (1.5T)

Tl ~ 140 msec |_| Echo
AAAAA
RF sz 7 2 (STIR) VVVVV
0
180 90 180 Echo
TI ~ 2500
msec|_| AN /\I\A
RF A
CSF 3 % 1 % %(FLAIR)




F & w 4p $ojtr — fast FLAIR
IR + Echo Train (ETL = § 71 &)

TR
180 90 180 180 180 180 180

o = (100 [,

m Fast IR : IR+Echo Train (ETL =4)
m I TIEF > 2B § %7 5 G g
m  Multi-slice+FSE (limited by Tl )

Lo S

F v R R B

1800 90 180
Tl ~ 140 msec [ ] Echo

Prilfat
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T Vi
\ \\\

1
1
1
1
1 \
¥
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N Sa
Y 4 4 Z
Null point
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........ ///
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z z z z z
a y 3
—7
x/ \4 //" A Y Y Y
(180°) B,(90°)

11

B v AR AR

S|=|\/|C(1 _2e-TI/T1) (1 _e-TR/T1)
TI (STIR) : 1-2e™ 73 90°

/ CSF
Null point

85 B =0=1-2¢ TVT1

Tl null = (log,2)T,

TI (FLAIR)  i— =(In2)T,= 0.693T,

Tl B enk E&F 1 A2 3rd] e —\ N1 5
m STIRTI (fat)at 1.5 T = 0.693 x 200 msec = 140 msec
m FLAIRTI(CSF)at1.5T =0.693 x 3600 msec = 2500 msec

12




STIR #
IR Advantages & Disadvantages

BRI RS Bz T1 205

m Inverse T1 weighting
A TR 2
- BT R
e B FeTR2Z T1 B HApF
- CSF >edema> % > o

IR 1023 P AERE o enRF 4 #

advantages 2.7 § § B H 3SR Arid K hg

1Ap T enie Sl AR FIH-7 &2 % W (ex: Gd effect)
2. £ TR % s g5 I (3TeiaTIf § L &)

3.5 M SNR(F1 4 A f frchff (%)

IR
disadvantages

13

Fluid-Attenuation Inversion Recovery
] IR$ S AR ez BUR A

iz 5 CSFR BLT2WI > " i d g » ) 4 d £ R AR HL

T1W T2W FLAIR
¥ -')fis“-‘i‘ﬁ fi £ enT2p% 7 (cortical lesion, peripheral subcortical, periventricular )
g T2WE it (7 2 %7 - j’LﬁrCSF_‘rﬁuﬁ; w7 43 7%k (high CSF SI)

14

Fluid-Attenuation Inversion Recovery
'flj * RB T -k e BLR

7 4 1 s imultiple sclerosis (MS)

T2W FLAIR
MSAH g @¥f M 52 b [ §A2IHH 1 nbiv §80 TALHR
15

Eeeess—

Fluid-Attenuation Inversion Recovery
«?IJ * IR -k s SR A

Glioblastoma #!¢ &% # 'm?z &
3~ 2]

T2W FLAIR

%ot % (tumor)pF A 2 chedema ¢ {rCSFikif » * FLAIRE »
Andrea Hawkins-Daarud, Front. Oncol., 04 April 2013
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Fluid-Attenuation Inversion Recovery
«flJ * IR HFFe -k 2 BLR A

bk 0T A1 (SAH)ZE %53 N i e gt

FLAIR

17

Short Tau Inversion Recovery
«flJ * IR$LfhrFs 25 45 e BB H

T2W STIR (SNR# £ )

18

Short Tau Inversion Recovery
«fl] * R I 7 i e B R

T1W T2W STIR

19

Double IR: black blood imaging

¥t w e BRI
7 S R ,




L S

Double IR: black blood imaging & 22

Tl Tl

- :
i [l

1800 180° 90° 180° 180° 180° 180° 180° 180°

i ATEEEEN
Eoho Ao e

gnon-selective » slice-selective N Tl flowing-in blood N Fast Spin Echo
: 180° 180° at nulling point T1WI

..................
21

Double IR: black blood imaging=r/& 12

non-selective i | slice-selective Tl flowing-in blood FSE T1WI
: > = >
180° 180° at nulling point 90-180-180---

................. TI :0693X600mS(T1 ):41 oms

MQ

RF receive

RF transmit

i 5 (4 4 £9) 7 40 e
Chemical (Spectral) persaturation

RF#% e 4v 2_ w0 4v — 1 3 47 foi% e

¥ K,/Tt P A e B IR N P B R ‘ CHESS: CHEmical Shift Selective
SAT#E 1290 & (i § EBM F L7 E)

Tk +x vifatsat - 4 & E* K (FR s GUR e
RBH T B2 RO

Breast - Muscle » Bone > Spine# *

Brain* st gt (fatdic 5 A4 ™)

SAT 90 SAT 90

[N [ 1N

23

Chemical shift effect

k& e+ a0 Lamor frequency 't #g i cn B S ¢ Lamor
frequency -7 3.5 ppm (parts per million)

o(f F)=7 (B=t)Bo
3.0T4p £3.5 x 105 x42.6 MHz/T x 3.0T= 440 Hz

1.5T4p £3.5 x 10° x42.6 MHZ/T x 1.5T= 220 Hz

0.5T4p £3.5x 106x 42.6 MHz/T x 0.5T= 73 Hz

k
4.7ppm

-4 7g 5k
%5 sat

g i5
1.3ppm

ppm ppm

24




i 5 (H 3 0) 77 4 fe
Chemical (Spectral) persaturation

Fat -------- sEsEEEEEEEEEEESE

Water 6} Mz for Fat

Mz for water

25

Chemical (Spectral) persaturation
Advantages & Disadvantages

Chemical 1% v % uT14p ¢4 % (ex: fat & Gd-enhanced tumors:1)
(Spectral)
persaturation 2‘$ Wk@*"’r’f’ll’ﬂ%“ o Hp “E_%\« H B A g ’); ﬁéfgi

advantages (IR affects the contrast of all tissues)

1A F HiFenig 3 {7 3R 2t e
Chemical (ex: metallic susceptibility artifacts/¥ * STIR:z & )

(Spectral) . . .
persaturation 2-7 & %t <hp¥ ¥ (TR increasing the scan time 5~8ms)

disadvantages
3.4¢ *t eRF 4 #t (extra 90° pulse)

26

Chemical presaturation
B 2 BE 0% R 2 0, 14 TR & 37 90°RF

T1W T2W T1W + fat sat

27

Chemical pre-saturation
Bk BRR 7, 11 RO 5§ 47 90°RF

T2W TIW T1W + fat sat

28




Chemical pre-saturation:
B Bk iR 2w, 123 2O 5 37 90°RF

STIR vs. Fat Sat

m Endometrioma (aka chocolate cysts)

Lower SNR

st P

Coronal T1W Coronal STIR T2W fat sat
lesion T1 value similar fat Not include fat

MRI:The Basics,3e,p287. 30

Raw Image Water Sat

(B8 p %~ 5PPTHIK) 31

= & saturationfe/k & *
STIR -~ fat sat ~ water sat

M. H. Siqueira Mendonga, Electronic presentation online system(2013),1-60. 32




i & saturationfz/x & *

7 [ g 47 {r(Spatial persaturation) 4.
STIR - fat sat ~ water sat 5 7 & fe(Spatial p ) 9n° «
T1:CSF > edema > gray > white > fat
Gd contrast agent can shorten tissue T1 _A_*A*_’
m @5 b~ fi % saturation band slice [ : [l
Spoiler L]
m 900% fir2_ w0 % *5 4 — 1 9007% fir phase é
Spoiler
m g B R A freq g
(anterior/posterior, superior/inferior, right/left)
M EBFOVR ai@ds 2 Jhds 4p b R
(Motion artifacts or Flow-related artifacts)
T2W + fat sat STIR + water sat TIW + fatsat + C B AL 6oy d mi%‘« (BRI A g nE)
m Siliconomas (-] ¢ £ %)
m Breast tumor ( r/o malignancy)
tumors. ¥R R A K EROCRA LT ARERH § R RTIRG 4
33 34

7 [ 3g &7 f-(Spatial persaturation)

i+ - #_saturation band? : :
Imaging of spine

90°RF 90° RF m Saturation band #z % % spine & fed
l e 1 o . Saturation
[ ] l ] R Y RS g oo FPER pand
4o | RN
Saturation '
> > > 4 , — band
Saturation 535 12 B
band |, — e
Imaging 5% 13 5L |
slice 2
G512 SR A 12, 44 Rz B 47O0RF |

35 36




7 [ 3¢ & f-(Spatial persaturation)

Imaqging of spine

# saturation 7 saturation

37
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7 [ 3p & f-(Spatial persaturation)
MR angiography ¥ *
I LT ST R TR T
% B A ok ek ik AR

T e b3 RT3

/ |
f &r foi% e
presat pulse |

N

% e
v e R 7 2_ %, ¥t 4 2~ & $790°RF o

7 [ 3¢ & f-(Spatial persaturation)
MR spectroscopy % *

No. band 1scan tim91
(5-8msec)

MR spectroscopy:
Saturation bands are placed on the skull regions.

m Fatijrlactate - ﬁ =~ E3i7(1.3 ppm)
= 7% if * fat sat 1=  fR4xsaturation

T. Li1,Proc. Intl. Soc. Mag. Reson. Med. 14 (2006)39

Chemical persaturation vs. Spatial persaturation

Chemical persaturation Spatial persaturation

B 1.7 % B T1EAp i ch e 5 1.;% > phase ghosts
2K % E,k_‘#»’ra.f@gf%‘: WEL G TR 2.8 flow artifacts

1.0 % M S E 3 PR X ST
S R ER T

2.7 BAEhepER

3.8 2 gE ot ORF# £

1FOVR & Regrt v 304 e &
2.8 ETR > i & # 45 P54 4

1.Spine scan

B A d R X 2.MRA(MRV), TOF
v % LRV Y e p e 3.Abdomen scan
4.Brain, MRS

40




7 & & # (Magnetization Transfer , MT)
Non-fatty hydrogen nuclei
5 H H

T \O/

E £ -k(free water) (bulk H,0)
T1:2000~3000msec
T2:1000~2000msec 41

v % & -k(protein-bound water)
T1:10~100msec  T2: 5~10msec |

2 ¥ ## (Magnetization Transfer , MT)

m B Frprotein-bound water sk i
m EE-k(bukH,O)d 8% ~pd E@derfas
m & k(boundwater):d & & X~ Fd FRE KA F
m protein-bound water¥ free water:x 3= 45 & 4p £ 500~2500Hz
m protein-bound water:=héz - & % free water=ér fr
CSF - blood ~ # £~ g 358 » <~ &+~ > MT/] s 50)

gk g o A 5 MTA g

m o iE* ATOF-MRA¥r#%6 ¥ § gk » REHC] % §
(reduction of gray and white matter signal by 15%~40%)

42
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2 £ # # (Magnetization Transfer , MT)

free water
m drFlEF A AT R TRk
w joir B R R MR
m MTS s/ &80+ 31%‘% LK R

protein-bound water
W R

-1000~-2000Hz

» !

1000~2000Hz
HEREt

& foc i B

2 & #& #5 (Magnetization Transfer , MT)
TOF-MRA ¥ *

3 MT sat # MT sat
(reduction of gray and white matter signal by 15%~40%)
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Reference:
B %i %ii’x%éw 1.MRI The Basics (3rd) ] | .
2.MRI IN PRACTICE(4td)
eyl ¥ *‘;\Fg Fr bt Erft 3.MRI From Picture to Proton(2nd)
2 A %,L;bl; L F& &2 T %;;}',_Jr;fig} Vi 4. Laub G, Gaa J, Drobintzky M. Magnetic resonance anglography techniques.

Electromedica 1998;66:68-75.
5. Graves MJ. Magnetic resonance angiography. Br. J. Radiol. 1997;70: 6-28.
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Saturation Effects(4r fr2/§;)

m €47 ks (ORF pulseid 2 i g £ ik b 4

BB 4 > 4 i3 2 SNReE i

BTR > + fdt & (TIW)D R B e T 1w 4 D i
90 =TR 90 90

L —

4 i@ B -5 saturation effects?

time time
ok TR E @& F { e A E v vt BAEATRE » & fraic i 8 %

Signal

,GJI Tt

TR TR TR R, TR, TR
[ >

time time
ol o (TRAZ)s P REFPBEEST RV RIAS - oo B8 1K

4@ 2L saturation effects?
/1 +gadolinium(i T1% &)

m Rt A ¢ i@ T142(CE-MRA)
m TAw AR € b e dp oo it )

Signal Signal

N

time time

Flow Phenomena

. arabolic
Laminar Flow normal vessels P

—
. e profile —
éi n- (" 4 ﬂtmn. ’? ) (j?'éjﬁv %f:,l) _»—y
—_—
—_—
—
—

high velocities
+ large vessels  flat profile
(7B owif % B 0%)

Plug Flow
g o (T

g
-

4
\

Turbulent Flow abnormal vessels Vortex flow =

#in (7 %5 f) eddies |—|)) (__:

Flow separation  near the wall of  streamline %
ke A vessels separated %&
R =

8




MRA Techniques single slab

multi slab

m MRA Techniques : TOF (time of flight) MRA(2D - 3D)
PC (phase contrast ) MRA(2D - 3D)
CE (contrast enhanced) MRA(3D)

Unenhanced MRA (TOF & PC)

m  Amplitude effects:
m Blood flowing into or out of a chosen slice has a different
longitudinal magnetization compared to stationary spins.
m Depend on the duration of stay (Time-Of-Flight) in the slice.

m Phase effects:

m Blood flowing along the direction of a magnetic field gradient
changes its transverse magnetization compared to stationary spins.

9

Time Of Flight (TOF)

m Signal loss(Gt 5. & %)
1. high velocity( i# ) (Washout & Inflow effects i)
2. turbulent flow(# /iv) Flow Artifacts
3. dephasing(% 4p)

m Signal gain(:t 5 E {¥)
1. flow-related enhancement (FRE)
2. even echo rephasing(i #icw & & %4p) /

3. diastolic pseudogating(-= 4 i+ i1 3 )
fegdpin e e gRHp R g {17 cardiac gating

TE,=2TE,

10

Time-Of-Flight effect in Spin Echo

vk 2 ¢ & A4 ¢ (Washout effect)

B L o RS e P BYRT A SR

% i#
F—l & Jp EL’»‘ ]90°4-180° RF pulse it *
180

| TE/2 TE/2
—

; image

AIEEE "¢ sigrja
excited rephased

faster Nela . .
Q d ’ no signa
excited ! not rephased

( ®--5 _______ 'é no sigrja )

ot excited nothing tl:) rephase

R
Q
3
&
@
o

@@Q

! Slice thickness |

Time-Of-Flight effect in Spin Echo

High Velocity Signal Loss
90

TE/2

~image

V=0 cm/s

V=25 cm/s

V=50 cm/s

@ 0 0
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Time-Of-Flight effect in Spin Echo

ek 2 d A

ex: slice thickness=1cm
TE=50msecp# >
fmE R A S Jeitd B

AZ

>
5
(]
<
I

12 TE

1cm/25msec = 40cm/sec

Flow blood Sl |

m Decreasing slice thickness
m Increasing flow velocity

m Increasing TE (T2W>T1W)
m Not occur in GRE 13

L —

Time-Of-Flight effect in Gradient Echo
= 9 & (GRER o i 38, E_% ¢1l) (Inflow effect)
n GRELZA 5 (- %~ )0 5 - 40 8a jhinie ke eh¥ - %
m 2} 180°RF » #121 TOF loss® 554 M &
m TEid ¥ #%{® - dephasings!dz s 5ide £ 244 >
a

5
>

no flow | dark signal image
flow ibright signal
O 6
excited reph:ased

Time-Of-Flight effect in Gradient Echo
=t m PR =1+TR

N
I

image

ST

15

Time-Of-Flight effect in Gradient Echo
7 &

ex: 4 slice thickness = 1 cm,
TR = 1000 msec ¥,
RIS ;3 "»‘Tfrﬁ B x MEL?
Ans: AZ
V=

N
A} )
in-

TR

1 cm/ 1000 msec = 1 cm/sec

Flow blood SI |
m Decreasing slice thickness
m Increasing flow velocity
m Increasing TR
16




m Turbulent flow(#£ii+)

T 34 b

1p

RitF o F4 AL

2

F

m Dephasing(% 4p)
m §82 p (intravoxel)% #p:

JRCRESCEE E 1) Ve

Flow Artifacts
(% % = pseudo-stenosis)

GRS ECE

8 il P

1.8 i =
2HENF A F R

Flow =t 5 5 1%

Signal gain(zt 55L& 7)
1. flow-related enhancement (FRE) (Type of TOF)

2. diastolic pseudogating
mOCEY T OEFRE G F N (B RS HTOFHE 4 )
m ¢ * cardiac gating & ¥ T HFP~— B pF T B

Refractory period

R R
AN
as MMM as MM as MM as

3. even echo rephasing(is #w 3 £ F.40)
m SEid #2F $H4Ew 4 ~ TE2=2TE1 ~ i #cw 4 e 3h3s & 0t 3 dow 3

18

Flow Related Enhancement (FRE)

x f~ v R % (entry phenomenon)
2D TOF: slice
m Larger flip angle (30°~70°) ;
= Thicker slice thickness(2~3mm)(SNR1) 3
m \essels straight and perpendicular to the slices

(carotid or lower extremties)
Sensitive to slow flow N

A £ e lice

g fcTIiv 4

L TR

B RUEL

flow

|

19
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FRE & Multi-slice

D hhhhn
| N

£ #15 %% - FRE § P 8 (Entry slice phenomena)

saturation slice

tissue

~

FRER &

20




L o

3D TOF MRA

m FRE Multi-slice Phenomenasg iz ~ 3D FRE +* 2D FRE 33
m Smaller voxels(<1mm), short TE, higher SNR
m  Small flip angle(<30°), slab does not become too saturated.

saturation
tissue
vessel

FE s

L —

TONE

Tilted Optimized Non-saturating Excitation
PEAL B & 1L e & o

flipangle o5 30 40 LRI 1
slice

A

TONE RRP# i

vessel .5 30 40

flow

22

MOTSA

Multiple Overlapping Thin-Slab Acquisition
€2 E R B

BT T Venetian blind artifact

5

* & i1 $.(25%-50%) 23

L —

3D multi-slab method

Larger vessel sections
Reduced saturation effects (like 2D)
MOSTA: 20%~30% overlapping

Longer acquisition time
- =« > y
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3D multi-slab method

single slab

multi-slab
non-overlapping

multi-slab
overlapping

L —

Reduce saturation effects?

o] T & () (A RTRT ~ oot aj s Mzd £ )

* ok eHTR (F R G B R 4 i 5 )

MOTSA (Multiple Overlapping Thin-Slab Acquisition)
(% ™)

TONE (Tilted Optimized Non-saturating Excitation)

3 &gadolinium(i T1% &)

26

Gradient Moment Rephase (GMR)
(Flow Compensation; FC(;= 4 1¥))

m GMR:F S8 & B ah- fa= 2

- . phase A

position
-2
_—

FC gradient

stationary
spin

mobile
spin

I 0 P
Options to improve TOF MRA

m Slices or volume perpendicular to flow direction

m 2D for slow flow , 3D for fast flow

m 3D multi-slab for larger vessel sections

m Spatial presaturation to isolate arteries and veins

m Use of minimum TE reduces signal loss due to spin dephasing
m TONE pulse or MOSTA reduces saturation effects in 3D TOF

m Magnetization transfer (MT) and fat sat improve vessel contrast
(reduction of gray and white matter signal by 15%~40%)

28
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Phase Contrast MRA (PC MRA)

m Phase effects concern the transverse magnetization

m Bipolar flow-encoding gradient (strength and duration but opposite sign)

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

Flow encoding Yy
[
o N

phase position

- phase

stationary spin ‘ shift

phase shift w=] wdt = [(yGvt) dt ==yGv t fit= 1/2yGvez

Phase Contrast MRA (PC MRA)

first lobe second lobe

bipolar gradient
(VENC)

stationary

Spin‘

flowing both spins
spin affected equally

moving spin does not see equal

but opposite gradient polarity
30

L T

Phase Contrast MRA (PC MRA)

stationary spin

flowing spin

i i B

stationary spin S = E
P ‘e’@.ifﬁ v

flowing spin _ F
AR

Magnitude & phase contrast method
m R - £45 =2 % (Gx~ Gy~ Gz) + - =& %% z-(flow compensation)

T Gz

=Acalh
\ L/

RF ‘.0 t
Gz | "
Gy .' /)
t V) t
.'l | t o | | t
L]
Flow compensation, bright blood image Biolar gradients, dark blood image

(357 BAh % 24 % ¥ Foi 2 pptih)

Gx




What is VENC?

m Velocity encoding (VENC) = i& & %4 (MR*% 5 EF ¥ 125 )

m VENC:Z FZH R ™ #ric Rehd £ Jiid

w= 1/2yGvt?

B o ReRp i #ehs B H G R AR

m Aliasing velocity(E#:: 5 B2) =VENC — R ik B

m Ex:VENC=30cm/sec : p|-
i 5 ?

£ 7 40cm/secz i w TR IR kD

V=30-40=-10cm/sec(i} 5 = i §)

L —

Velocity encoding (VENC)
PR g% (53) > VENCH |

B s s

— B ] VENCHH R @ o (3 7% n) & o] hd iR B AR
fe § FHEpE (B 0% )ik B i S B
33
VENC £ phase aliasing Velocity encoding (VENC)
TR PR
m F % VENCT A 44 i id i ] = VENC = bipolar #: & ~ {341 i # Bl B $.if % VENC &
m +1800~-1800 2 FF » & B 3600 mjpa #(18004p & ejin g )
m Aliasing velocity= VENC — ¢ % & (V=100 - 150 = -50cm/sec )
VENC=100cm/s VENC=100cm/s V=150cm/s

1800 : i & B % i
-1800: F w B4 inid

-180°
-100cm/s
K

m VENC= % s ing 7 i & Seohigh. Voo’
m VENC < :phase aliasing
Phase Aliasing aliased profile

enhancement appears signal void in
narrower than true lumen center of vessel

(B ok B3 8% % Fob 2 ppH) %




sl s

¥R F o i R
VENC Optimization

Pulmonary artery 70-130
Aorta 100-175
Carotid artery 80-120
External iliac artery 81-120
Carotid syphon 55
Common femoral artery 115
Basilar artery 40
Superficial femoral artery 90
Vertebral artery 40
Popliteal artery 70
Sagittal sinus vein 10
Peripheral veins 5-10

37

s i

PC MRA: ¥ # » 75304875 13 B2

Scan time ¥ 6 min > PFRF % &

38

Magnitude image
(images of blood vessels)

Phase image
(direction of flow)

39
(B ke p 2o 4B % > Fedt 2 pptil)

L o —

Contras-Enhanced MRA (CE MRA)
m L R G o i R cSNRIE 7 4 4

m 14t Gadolinium (Gd-DTPA) i . iin £7T1 45 € (paramagnetic)
(0.5~4.0 ml/s ~ 0.1~0.3 ml/kg - total 20~40 ml ~ GFR>30 ml/min)

m P 3R S GAAR AR 2 W P B T
(T1455 28 3% ~ & * GRE##(T1W-SPGR))

m e ¥ & coronal, @ 2 E&n AL
(F 12 B fads R T~ PR T o B bl E 4 )

W Ry ehd AR B R AR (R T4 L)

40
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Contras-Enhanced MRA

m CE-MRA: elliptical-centric = multiphase

m elliptical-centric:
B OE R B AR % 8 LB AR

m bolus#f't #ehp & & plic kg
B SmartPrep:id i #5183k AR BAEH R P hiE (T

m TimeBolus:i& (7 T pF 35 1 4 2 Gd ¥l &) 3 i B 2 Ak § 7% crpd 7Y
(B 2ccenGd¥ v Al s e % Plid &+ R R DPFRY)

2D real time
Tracker volume ROI

41

Contras-Enhanced MRA

m Mask subtraction
m Scantime % 20 sec

Contras-Enhanced MRA

m CE-MRA: elliptical-centric and multiphase

multiphase:
m I rGd2 (8817 § AP H P - B g At E % Ap
m time-resolved imaging of contrast kinetics, TRICKS

Applications areas of MRA

2D-TOF  3D-TOF  2D-pc Magnitude  on e oE MRA
contrast

Intracranial *kk * *

Arteries
Intracranial ok * % o *

Veins

Carotids *k *k bkl

Peripheral *k * Kk

vessels

44
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The Artifacts in MRI

MARXIMCTEER BHHAZEHN
RINE R FIEW

Introduction

—Motion artifacts

* patient motion, physiological motion, flow
—Inhomogeneity artifacts

» mental artifacts, zipper artifacts, cross talk
—Digital imaging artifacts

« aliasing, truncation, herring-bone artifacts, halo
artifacts, Gradient nonlinearities, chemical shift

Introduction

» All MRI images have artifacts in some degrees.
¢ Why and How ?

» How to remedy the artifacts encountered in MRI.

Motion Artifacts

* Patient motion

— voluntary motion, involuntary motion
* Physiological motion

— respiration, cardiac motion, peristaltic
» QOccurring in phase encoding direction

2016/6/15



But, why are ghosts only produced in the
phase-encode direction?

Consecutive points in the frequency-encoding direction
are measured close together, typically much less than 1
ms apart.

whereas consecutive phase-encoding steps are TR ms
apart.

Motion such as respiration and blood flow occurs slowly
compared with frequency encoding but much quicker
than phase encoding. So between successive phase
encodings, the anatomy moves and produces a ghost
signal at a different PE position.

» Patient motion

2016/6/15

Motion Artifacts

+ Solution of patient motion
— fixed patient, repeat scan, reduce scan time, drug-assisted

« Solution of physiological motion
— hold on breath, respiration gating, respiratory
compensation, ECG gating, fast scan technology, drug-
assisted

??7?

fisaturation band
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Motion Artifact( Respiratory)

Respiration Breath-hold

N : Respiratory Compensation
Resplratlon Gatlng Respiratory-Ordered Phase Encoding, ROPE

Phase-encode Phase-encode
eradient gradient
.

Rearranged in order of strength

positive




Navigator

\ Time
Tracking volume

ECG Gating

2016/6/15

Motion Artifact(Cardiac pulse)

* Involuntary motion

» ECG trigger or PPU trigger are used to avoid
artifacts

* MR compatible electrodes use carbon instead of metal
to avoid causing artefact on the MR images

» Scan time is determined by the heart rate
» The TR is controlled by the R—R interval

ECG or peripheral gating?

» ECG gating is a more accurate gating method
--- peak is usually sharp and easily recognizable
--- all the other ECG peaks can be seen too

--- good for cardiac imaging

 Peripheral gating only detects the arterial

« Pulse peak is much broader tha ECM
+ Ease of preparing the patient ar LJ\JJ
PG
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Motion Artifact( Peristaltic motion) Flow Motion Artifact
+ Causes a random continuous motion of the abdominal « Artifact or non artifact? There are two sides of same
contents coin
+ Acquiring multiple averages can reduce the ghost

* In-flow effect (flow related enhancement, FRE)

app_e arr?mces_ . . — Spin echo: dark signal
* Antiperistalsis drug such as hyoscine butylbromide . o
(Buscopan) — Gradient echo: bright signal
« Ultrafast pulse sequences * \elocity-induced phase effects
-~ HASTE — Resonant frequencies are changing continuously
—-- single-shot FastSpin Echo (FSE) — Incorrect phase angle for their real position

— Artifact on phase encoding direction

PDW axial image

I
1+TE2 e

(a)
t
Q%D - 0 %D .
-~
z
(b)
v =z/TE
— [ )
(]
v 22z/TE

Unsaturated spins | Partially saturated spins
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Flow artifact

Image

(a)
+TR
[ y=0 [
Cagft O e O
L] 1 ]
=
(b)
v= z/(2TR)
C%D E%D
(©
v 2z/TR
E%D @

Partially saturated spins

Unsaturated spins

?7?? Flow compensation

@) o {©)

—r— Slice select

gradient
Gradient
RF pnhuH RF G «
i e e »
-2G

(b) —

Phase
\

flowing

Phase angle

—>
/ Time

stationary

Gradient duration
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Avoiding FRE Artifacts ??7?

* Spatial saturation bands, also known as REST slabs or
pre-sat bands, are simply slice selections, and can be
used in many ways

Susceptibility artifacts

« Susceptibility artifacts in MRI occur at interfaces of differing
magnetic susceptibilities, such as at tissue-air and tissue-fat
interfaces (examples include paranasal sinuses, skull base,

Inhomogeneity artifacts and sella)

» There are caused by inhomogeneities , susceptibility artifacts
are generally worse on gradient-echo images than spin-echo
images.
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Mental Artifacts

» Metals caused homogeneity change

Gradient echo
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27?7 Zipper artifact (RF)

* This artifact is one form of central artifacts

» Most of zipper artifacts result from inhomogeneities of
the magnetic field caused by interferences with radio
frequency from various sources.

+ Software and equipment problems can also cause
zipper lines in both directions

FID Artifacts FID Artifacts
* Free induction decay (FID ) artifacts occur due to e — Remedy _
overlapping of side lobes of the 180° pulse with the N N * Increase the TE (increases
FID before it has had a chance to completely decay. %° _  180° E]stgﬂ?jr?r%o?sg%t\gEnggee)
This overlapping causes a “zipper” artifact / + Increase slice thickness.

This in effect results from
selecting a wide RF BW ,
which narrows the RF

signal in the time domain,
thus lowering chances for

 Along the frequency -encode direction.
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Zipper artifact RF Feedthrough Zipper Artifact

* This artifact occurs when
the excitation RF pulse is
not completely gated off
during data acquisition and
“feeds” through the
receiver coil. It appears as
a “zipper” stripe along the
phase- encoding axis at
zero frequency

RF Noise Remedy for Zipper Artifact
* RFnoise is caused by « Improve RF shielding.
unwanted external RF noise . . . i
(e.g., TV channel, a radio » Remove monitoring devices if possible.
station, a flickering « Shut the door of the magnet room!

fluorescent light, patient
electronic monitoring
equipment). It is similar to RF
feedthrough except that it
occurs at the specific
frequency (or frequencies) of
the unwanted RF pulse(s)
rather than at zero frequency

10
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The remedy of cross talk

» At least a 30% gap between the slices.

* Excite alternate slices (interleaved) during the
acquisition.

--- First sequence: odd slices 1,3,5,7, ...

--- Next sequence: even slices 2,4,6,8,

Slice #1 Slice #2 Slice #3

N T N
N 2 /N —
- 4 | P

K
{
(

Cross-talk
Ideal RF
( ) . LFT. [T 3
/L Actual RF f\l/'\
Slice #1 Slice #2  Slice #3
-~ - U g
\ N N
‘// AN ‘// N /// \
L= Pl R - P
o/ o/
Gap Gap

Multi-stack artifact

Gap Gap

Digital imaging artifacts

11
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Aliasing Artifacts

+ Aliasing artifacts, also called wrap-around artifacts

slice through
the abdomen

* Arises whenever the anatomy bigger than field of view
(FOV)

—<

phase encading axis

Aliasing Artifacts
Right Aliasing Left
arm arm
ﬁ\\l\\ 4
O |// ‘\ErT/lBody Z ‘Q
i P = = )i./—

| i
! : Max ¢ -~
| | / <— Higher than f,.,

Aliased to lower frequencies

| TMaxf—"0
L‘,

-

<— Lower than (-fyax)
Aliased to higher frequencies
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Anti-aliasing along the phase axis

* Surface coil
* Increase FOV
» Over samples along the phase encoding axis.

--- To increasing the number of the phase encoding,the
scan time has be prolonged. So, the motion artifact
may be more apparent.

 Saturation pulse

Acquire data but
eliminate from image

i

Large FOV

Herring-bone artifact

» Aregular series of high- and low-intensity stripes
extending right across the image

* Itis caused by spike noise in the raw data, whose
Fourier transform is then convolved with all the image
information

2016/6/15

13
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Herring-bone artifact

s
Value too large
(kx = - 29, ky = - 41)

MR image

Halo artifact

» A halo effect can be produced if the receiver gains are
incorrectly set.

» When this happens the signal is too large for the range
of the digitizer and information in the center of k-
space is lost

* Itis arare artifact with modern automatic pre-scan
systems, and is more likely to occur when receiver
gains are manually set

14



Halo artifact

Desired normal image Receiver gain too high

Gradient nonlinearities

« The effect of nonlinearities is to distort the image, tending to
compress the image information at the edges of the FOV.

« Many systems apply a correction to the images to stretch out
the pixels, and on rectangular FOV a curved edge can be
seen

 This is quite normal and also unavoidable; if necessary the
area should be re-imaged using a smaller FOV.

2016/6/15

Gradient nonlinearities

Ideal G Real G Actual object
, PRI I, Distorted

b /—-\\(image
Z |
|

T o
I /
2 &-//

~ -

Nonlinearities in the gradient cause distortion in the image.
For instance, a circle may appear elliptical.

Gradient nonlinearities

15



Chemical shift artifact

Caused by the different chemical environment of fat

and water.

The precessional frequency of fat < water (depend

on the main magnetic field strength )

ex. At 1.5T the different of precessional frequency is

220 Hz;at 1.0T is 147 Hz.But at lower field strength
(0.5T or less ) ,it is usually insignificant.

chemical shift artifact

For example :

The frequency mapped across the FOV is 32000 Hz;256
frequency samples are selected,each pixel has an individual
frequency range of 125Hz ('32000/256Hz ) .At 1.5T,fat and
water existing adjacent has a shift about 1.76 pixel which
called chemical shift

Chemical shift

-
-

Bandwidth/pixel << 3.3 ppm

Bandwidth/pixel >3.3 ppm

chemical shift artifact

* It depend on the size of FOV as this determines the size of
each pixel.
» Causes a dark edge at the interface between fat and water.

* It occurs along the frequency encoding axis only.

2016/6/15
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The remedy of chemical shift artifact

Using fat suppression.
—  Scanning at lower filed strengths.

* Increase bandwidth (trade-off: lowers SNR )
Switch phase and frequency directions.

Vertebral

Fatty rnarrov;
bodies 00 0¥V

H20 = Dark

Fat=Brght : » Use a long TE (causes more dephasing and less signal
i from fat).
GX
|
' x

Chemical misregistration
Chemical Shift of the “Second Kind”
* Also produced as a result of the precessional

frequency different between fat and water. TE= 2(2? msec TE =4.5 msec
a
+ Caused because fat and water are in phase at certain
times and out of phase at others. | ¢———————— 4.5 mseC ————»

17



» When fat & water are in phase:
==Signals add constructively.

* When fat & water are out phase:

—signals cancel each other out.
Which called ---- Chemical misregistration

 Cause a ring of dark signal around certain organs
where fat and water interfaces occur within the same
voxel.

Chemical shift for in-out phase

FIELD
STRENGTH In

05T

1.0T

15T

3.0T

0

0
0
0

Out

6.8ms

3.4ms

2.2ms

11ms

13.6ms

6.8ms

4.4ms

2.2ms

20.4ms

10.2ms

6.8 ms

3.4ms

27.2ms

13.6ms

9ms

4.5ms

34ms

17ms

11.2ms

5.6ms

40.8ms

20.4ms

13.4ms

6.7 ms

The remedy of Chemical misregistration

» Use a spin echo sequence to reduce the artifact.

 Select a TE generates an echo when fat and water are
in phase. (at 1.5T the TE is a multiple of 4.2ms )

??7?

2016/6/15

18



2016/6/15

Truncation artifact

» Caused by under sampling of data so that interfaces of
high and low signal are incorrectly represented on the
image.

» Qccurs in the phase direction only. ' F.T. / \ "

 Produces a low intensity band running through a high
intensity area.

Frequency domain Space domain

f  Also called:
[ 1 — Gibbs artefact

VERY, — Ringing
— Spectral leakage
* Predominant in case of
— low matrix
Freauency domain Spoce domain — scan percentage << 100%

-+ Contrastjump
Square pulse in object —
d

FFT

50 Lunngo
Appearance
inimage
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The remedy of truncation artifact

* Increase sampling time ( BW)

* Decrease pixel size:

---The under sampling of data must be avoided.
==mpiiicrease the number of phase encoding steps.

---Decreasing the FOV

External Magnetic Field Artifacts

Artifacts related to BO are usually caused by magnetic
inhomogeneities.

These nonuniformities are usually due to improper
shimming, environmental factors, or the far extremes of
newer short bore magnets.

This can lead to image distortion

They can be reduced in SE and FSE imaging by using 180°
refocusing pulses.

They can be a source of image inhomogeneity when a fat
suppression technique is used

Gibbs’ artifact( truncation artifacts)

2016/6/15
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E-mail: 1001726 @ms.skh.org.tw
TEL: 0984161097
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