Ultrafast MRI Techniques
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Abbreviation Full name Company (Alphabet order)
MPGR Multi Planar Gradient Echo GE
GRE Gradient Echo GE. Siemens
FFE Fast Field Echo Philips
TFE Turbo Field Echo Philips
FE Field Echo Picker
FLASH Flip Angle Short Siemens

Table 1. durA <2l Fast gradient echo imaging techniques
Abbreviation Full name Company (Alphabet order)
GRASS Gradient Recalled Acquisition in the Steady State GE
FGR Fast GRASS GE
FAST Fourier Acquired Steady-state Technique Picker
SSFP Steady State Free Precession Shimadzu
FISP Fast Imaging with Steady-state Precession Siemens

Table 2. Enhanced intensity techniques (Rewinding of phase—encoding,

No intentional spoiling)

Abbreviation Full name Company
SPGR Spoiled Gradient Recalled GE
FSPGR Fast Spoiled Gradient Recalled GE
IR FGR Inversion Recovery Fast GRASS GE
T1-FFE Contrast-enhanced Fast Field Echo Philips
RF Spoiled FAST RF Spoiled Fourier Acquired Steady-state Technique Picker
STAGE T1W Small Tip Angle Gradient Echo: T1-Weighted Shimadzu
Turbo FLASH Turbo Flip Angle Short Siemens

3D MP RAGE 3 Dimensional Magnetization Prepared Rapid Gradient Echo  Siemens

(3D Turbo FLASH)

Table 3. T1-7% contrast techniques



Abbreviation Full name Company

SSFP Steady State Free Precession GE
DE FGR Driven Equilibrium Fast GRASS GE
T2-FFE T2 contrast enhanced Fast Field Echo Philips
CE-FAST Contrast Enhance FAST Picker
STERF Steady-state Technique with Refocused FID Shimadzu
True FISP FISP with heavy T2 weighting Siemens
PSIF mirrored FISP Siemens
ROAST Resonant Offset Averaging in the Steady-state Siemens

Table 4. Steady-state Free Precession
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(1) GRASS (Gradient Recalled Acquisition in the Steady State)
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Fig.1 Vectorial representation of GRASS.
TR is shorter than T2.

(2) SPGR (Spoiled Gradient Recalled)
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Fig. 2 Vectorial representation of SPGR.
Note RF Spoiling.

(3) MPGR (Multi Planar Gradient Echo)
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Fig. 3 2D multi-planar acqusition technique

(4) SSFP (Steady State Free Precession)
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Fig. 4 SSFP pulse sequence

(5) POMP (Phase Offset Multi Planar)
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Fig. § POMP pulse sequence

(6) Fast SPGR/Fast GRASS (FSPGR/FGRASS)
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Conventional GRASS, SPGR, MPGR H¥ol] Hlgle HR WE £:2
dE& 85 & 4 9 FSPGR/FGRASS pulse sequence EF &%
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BandwidthE Al4tst= WY S Frequency encoding step +E Total
sampling time© 2 }¥oj3w@ ®Htl o8& S0} Frequency encoding step
47} 256, Total sampling time®] 8msec ¢! 79l 256 / 0.008 sec =
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allows faster imaging but decreases the SNR
because noise exists at neighboring frequencies.
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(7) Fast Spin Echo (FSE)

Fast Spin Echo (FSE) pulse sequence: spin echo2S A}&3td
K-space®| raw data #$-& ®24& #3217l Fast imaging technique©] t.
o] W& 7]& spin echo Walol H|dte] BE 12%A 30x F<toll of
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Fig. 7 Conventional multi spin echo pulse sequence
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Fig. 8 Raw data filling in K-space by conventional
multi spin echo pulse sequence
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Fig. 9 Fastspin echo pulse sequence. Scan time =
(TR) (# phase encodes/ETL)(NEX). Four
phase encodings/lines would be completed

Conventional multi spin echo pulse sequenceolA 2000 ms TR,
256x256 matrix, 15 ms TE, 1 NEX, 4l 7§29} echo’} A€E W& o= &
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gradient”} 7Fej i oh a2 & v 7o d&3E 180= 7t A=
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ZYAAXN7vE Echo Space (ES)gtx H &t Z4Zte] echow 779 phase
encoding gradientdl] 9|3t gojA}. WY o2 A 256x256 matrix®] At
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Fig. 10 Fast spin echo pulse sequence (8 ETL).
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Fig. 11 Echo train length (ETL) determines
the number of slices.
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FSEE vj$ 71 (ultra long) TR (6% o]4h)& Al&3idats dAdA L
Z 7188 A7 Hel E& fAdxe JA4E AFAET. 24 TRE 2
%29 522 MHsgS wW 289 F scanA|{E HUIARA, FTF
parameter 24} 512x512 matrix, 2 NEX7} AF&-5 At

(Example 1) TR = 2 sec ¢! A%
(i) Conventional scan
(2 sec) (512) (2 NEX) (1/60) = 34.13 min
(i) FSE
(2 sec) (512/16) (2 NEX) (1/60) = 2.13 min
(Example 2) TR = 5 sec ¢ A%
(i) Conventional scan
(5 sec) (512) (2 NEX) (1/60) = 85.4 min
(ii) FSE
(5 sec) (5612/16) (2 NEX) (1/60) = 5.32 min

]2 71 TRE FZ myelographic EHE Z A7, Ao} HolA
4& YeERN L, SNRE S7FA7I9, 21 T1 (9, CSF)= 7Hd F
P 9% ARE AFsld F1, = 78S sliced: F7HA171E 4

TRE Z7}A171" SNRe| F7Fs1A % 21 SNRS &4 g FH (point)el
Fggr,  agEg ok A o/2W f o4 SNRE F/HHA &E
ok A 2AN A G 6 £ o] TRS MHSNE 45, gray, white
matter®] SNR2 & Zo]E Hol|A| &+

(8) Echo Planar Imaging (EPI)
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A etHAA scan AlFE 16Wi7HA] EY 4 UA HAUG. Fast Gradient
Recalled Echo (FGRE) ¥4 % B &2 echo A% FA4E RF spoiling
Wl © 2 conventional 7]& ol W3t artifactel]l ©l2 Z3tA FH At

ady A A E B ME £ JA 58 Y8l
8753 ot E3 A 3y 2 B A #9, sedation A
%e Lol #9, dynamic JF 29 2 perfusion, diffusion 9, > A A 9
718 44 29 5& dde 4 2 e g oz sjHdE Spin Echo
3 Gradient Echo WA o 2= A Ho|l FEstod #8377t E7p53st).
old] H& WE I FE5 F 23 1050 F B AHEE £ JE "snap
shot"& 8% 4 1= Echo Planar Imaging (EPD) W o] ¢t 7)o o]
25,

N

EPI ¥4l & 71& 93 22 A 02 t}E hardwareE AF&317) o
Lo & 440 FX& 2738 4 gradiente] TS FFAI AL
shal, AP E FAAACE Y A% €% 84 E HES 4 FAE A
Aottt wE AFAHYE Y3 data AF N2d= MEA Ak
g, EPI 712 EA x£7] 1 MAd FulEo] AdssEo] Ajg=7] Az

i AF AZ AL FA AT 2R o= 59 WA 10d <ol N
conventional FH| & ZF X &g]et oAt

(b) EPI® A9

EPI= g4 MR n&#99 tf¥AtZ A A=5 i, Y spin echo
Y gradient echoZ2 5 & th59 A4 data H5S 58 & U= 7IHol
EPI A sequence: spin echo 29 P& 180 BAE
A gk frequency encoding gradient?} +¢ -2 F A3 Wty R F3o)
180 H 2~ ¥ spin echo train®] A = 1 gradient echo train =3+ A3
o}, o] echo train®l U+ Zt7Z}9] echo £ phase oA dojue
phase encode & “blips’ell ols] 27| & Y FZE 2=t

"snapshot” EPIE= @Y echo trainQZH-E G4 AAE Y3 e
phase encoding®] A= RS L3t o E E9] 128 phase encoding



Jxbol A9 HrT Al 128 9 readout gradient®] Z1-E o] glojob dHri

90° 180°
RF ’—‘ jﬂﬂﬂﬂﬂ_ﬂﬂﬂﬂh
Gz 1 1
Gy [ nonnnoonnononnnn

Fig. 12 EPI pulse sequence.

Ky (phase)

begin

Kx (frequnency)

e s T s ] s 0 s B o A e D B
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end

Fig. 13 K-space for EPL

(c) EPI & FA}g



EPl 71€%& 3371 Hstd v #2 hardware A0 8 7AFg} o]
4 g 3t}

(i) Gradient 2% (Amplitude)

Gradient X% & *}‘jr‘ﬂ -3 2 FHE UMY, A¥EHer Frst
o Hof JFo] =t Awizte] Head HQIEFS FAFT F oA ¥
Hog addg. HEHZJ%—S— % g8 HE8/7H (mT/m), &2 7+
/AR E (G/em=z SAHHY FAGHY dzxdA= (10 mT/m = 1
G/cm) olth. X E A7+ ArEE Fold sigdE.
-
= Gradient Waveform
H .
iF
g H
5 E
E h—4
: e
z s
Rise time data p oint
(Lsec)
Fig. 14 Gradient amplitude.

EPIo| A Gradient waveform< 7Hzbe]l Gz, Gx, Gyol A A& =
Atk Gz¢! A% AW amplitudes F A slice FA7F €¢F. £ amplitude
7} 242 sliceTAE ol A "Hrh dwrd oz AW amplitudes 9G4

o] A T HalFd ALY, Gy F$ Gradient waveform® #H &
3 BEBo ol field of view (FOV)Q =A7]d] d&& F9. 5 HEg
HRo zol7l ¥&4F FOVE Zopxt},



(ii) Gradient Slew Rate

Gradient slew rate:® gradient systemd £&E& ZA AT
Gradient slew rate= A A2 gradient 8¢ ZAAA R 71 &7 & 9n|

o e 2ol A9F + 9k

Gradient slew rate = At Gradient I Z / WA Z7X 2] F5 A1

Gradient slew rate= H<# / vE / 2 (T/m/sec) ¢ THE FAHH
oJAth A gradient slew ratex 71& d¥r MR 447154 H4& TE
9} TRo| d&e Fi, FSE9 EPIIA & echo 7t 94&F& £

|

Gradient A% A7t (Rise time) AA|WHCZ gradient £=28 ZAE
913, W= A] gradient slew rate2A gradient =& ZAAstoof .
EPIo| Al gradient slew rate= echo Ao 9F& FEE echo-planar
image?] 3¢ ZAAAE=T. B& ¥t Y Gradient IEH Hdf I F7HA)
o] AEA7EOZ slew rateS A& 3 o o]t

x| Gradient X E & [ XNEpX|o] AESAZH z[ti  Slew Rate
15 mT/m & 1000 upsec 15 T/m/sec
10 mT/m & 600 usec 17 T/m/sec
25 mT/m & 1300 usec 19 T/m/sec
23 mT/m & 300 psec 77  T/m/sec
23 mT/m & 100 usec 230  T/m/sec

Table 5. Slew rate At& <

(iii) Gradient Duty Cycle



AW gradient duty cycle® A& gradient’} “ON"SH o+ & A|7H

%Fol e},

Gradient duty cycle percentage® XA ¥t}

dz4 50 %9

gradient duty cycle$l 7%, gradient systeme TR Al7te] ¥k E9F "ON”
2 5 AdE %S /MA T yHx] TR A|7Fe] ¥k 5<9HE gradientd] Wz

9lsle] = A] "OFF” s oo} 3},

a3y 2E MR ¥ 2 sequencet® X,

y, z & 279 gradient’t A&H o2 "ON"3# "OFF"S ubEas JZ &

w5 g,
AARA Ao

- T =2

AES fAT F s

T M

percentage® B3] Aol yE & Ut}

e

I8l 22 gradient duty cyclee gradient’} WzH-& 98] AR 7]
TR Azt oi&

&2 gAI A AFLE = Spin Echo, Gradient Echo, FSE, FGRE ¥
EPI scan protocolS 838l 223l gradient duty cycleg Y3t

Pulse Seguence

Protocol

Required Duty Cycle

Spin Echo
(T2, Brain)

Matrix = 256 x 256
TR/TE = 2000/30, 80
FOV = 20 cm
Thickness = 7 mm
# slices = 21

Gradient Echo
(T1, Spine)

Matrix = 256 x 192
TR/TE = 600/17
Flow Comp

FOV = 24 cm
Thickness = 3 mm
# slices = 12

19 %

FSE
{(High Resolution, Brain)

Matrix = 512 x 512
TR/TE = 5000/100
ETL = 32

FOV = 20 cm
Thickness = 3 mm
# slices = 9

25 %

FGRE
{Breath-hold Cardiac)

Matrix = 256 x 128
TR/TE = 6/19

FOV = 16 cm

Thickness = 3 mm

# slices = 1 / breath~hold

30 %

EPI
(Function Brain Exam)

Matrix = 128 x 128

TR/TE = 1000/80

FOV = 40x20 cm

Thickness = 10 mm

# slices = 20

Repeat all slices every second
for 120 sec

56 %

Table 6. Gradient duty cycle for various pulse sequences




(iv) RF Receiver Bandwidth

EPIo A & 11377}1] AFE gradient 54 ol e Far F47]
(RF receiver)®] ¥ Z (bandwidth)7} $23% Z8& %th.  RF receiver
o] bandwidthe MR A1E7P Aup} whe] digitaldt HEFE ZAH oL
Bandwidth7} W& 42 digitaldls @&l Gradient I Fo] A3 slew
rate7t 2 system €42 MR A3 52 93 €33 A7 (F delta t)ol

2o} A o},
¥ = (Bandwidth) = 1 / delta t

I B2 delta b AEFE dgEL FrHRT 2y digEe] )
groll wrel digitaldh= w2 A AT MR 949 SNRo] #4ste wAA
S Az Qut. wEA @A EPI 71€e 7]€ MR 4o 4|3l SNRoJ
Holx &= EAE EFojord AAE 7HA 1 U

(d) EPI 7|%
T Z A9 snapshot EPI¥ 7]& gradient®t} ¢F 4u] w2 slew rate®

Z+= gradient® ¥ 82 3. 0|9} Z& high power gradientg& 2 A 3}7]
93t AR NEH gradient 7€ S ZE

|

(i) Local Gradient Coil

Bt 788 gradient A%< Wyl #g AR agd AEe a4E
(local) gradient coﬂO\U} Tl coilo]@ o= AA B9 FEt &
3 2= 9= & FRO colEA 71E9Y gradient amplitudeo] <& 4
Ase ¥ ME]—. a2 dFEE] MR AHldes ZE #H9 ol T
9= whole body gradient coil® AF&3sta $lth.

=28 gradient coil® H A& gradient coilel B8l AlH o & B & o]
A Eve AHS AW FFEH ATS T=ve ‘%_H‘j;, A3 Q)
t}, & S| braing gradient coil& 7153 brain EPI #Ate] +&38kA

ut cardiac EPI ZAAbol= A} &38x 2o uEt & A 74A}_‘?_ o}t} RF
coil& TE o] gradient coile AANFSuitt w@sjopsi= BHG FE
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(i) Resonant Gradient System

(@) j
Resonant

® 4

Fixed Amplitude

Fig. 1§ Resonant gradient system.
(@) 1st step, (b)2nd step, "Catch & Hold"

EPIE 3 HAA|& gradient system® 3§ WHOZ resonant (F3H )
gradient 7]¥°] AT}t  Resonant gradient power supply: gradient =4
S ol wa WAL £ Y. A Ao RAME ofF AL A7l
gradient coil®} Z S o]E uwjvto] EPI7F L F3l= slew rateE A& &
2= 01];]_

T M .

Resonant gradient 7|¥H < 1 @AY 2 GAZ #AHH g 1
= &% AdA (standing wave)WHS TEo] EPI pulse sequenceol
st F43) 15T £ ¥ readout gradient® A}&3st= Aotk
A8 uE gradient GFo] (A FIAH FeFHE oz dd Fi
5
kel

-

dg IFow Fgt.  FHE TS readout gradient®] Zt#HFo

T

F= 4 4
e to roh g0

date WA o AAH7] wWEe 3™ R EPI 49 FEs 50
1A= Ee A#%E MLt a¥ER oldd BAHL @A) fstd 2
@A “Catch & Hold” HWgo] meHH A “Catch & Hold” H'H-2



gradient 93 R Eo] Hetdk RS 438te] readout gradient®] WA &
Z7}A A EPI acquisitiond &7E# TS F4AZE + Ut

EPI A& wrae iz 1-2 719 gradient FEiwt 7HE0] Y22 ¥4
ol MR pulse sequenceol: AF&3z] %3t7] wjFo 2704 ©E power
supply® Alg3stodor gtk  azizg dukd el MR imagings #E 39
& gradientd] o3 IAHHA E3ch  webA FHE gradient system
EPIY 713 87 AtgdE A EPI scanol] Al%FE 7 U3
MR #¢ #Anle £ & HAutyg oz gAFAF|A Xgirh

(iii) Non-Resonant Gradient System

1) (2)

PWM Voltage Conventional

Supply Amplifier
{current source)

@

Fig.16 Non-resonant gradient system.
(1) Variable rate gradient ramps for wave
shaping (2) Holds flat tops

¥l %3 (non-resonant) gradient 71H < EPI & gradient systeml =

2E gutAd MR Z9d % o8& & d& 7 FHA versionelth.  HF
W3 gradient 7|HS oW 3 AwkAHS] gradient FFE WES H F U
2.2 double obliguett FSE #17t oluyzlt 28 MR 7|HidxE A&
AtH

& gradientd A8 YL vWtAHl gradient amplitude®) =
A WM z” “pulse width modulator (PWM)” w29l A<t



FE7Ie] 2oz FAEHA . PWM AAFE7E HAY &
S gradient coild]l ZH AL 4 7] W&F slew rate’} io}x];r_ 1
o2 ON/OFFS & 4 vk, wakx duba el MR scang Ruh 140
g 5 HYm ANA Al aw HRe) Fuga 94H 1s
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