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Echo Planar Imaging (EPI) & Diffusion weighted imaging (DWI)
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m i A MR 4f 22 SEfrGRE"% 75 7| B) (Pulse sequences diagram)
m Slice selection encoding (Gz)
m Frequency encoding (Gx)
m Phase encoding (Gy)
¥ 4 I & 1% #2(Echo Planar Imaging (EPI))
P4 2 B2k 22 (Principle of Diffusion Weighted Imaging (DWI))
m FEEcte i 22 (Application of Diffusion Weighted Imaging (DWI1))
Reference:
1.MRI The Basics (3rd) (Chapter 22: echo planar imaging)
2.MRI IN PRACTICE(4td) (Chapter5: pulse sequences) 2l
(Chapter12: functional imaging techniques)

3. S Mori and J Zhang, Encyclopedia of Neuroscience, 2009.
4. S. Heiland, imaging decisions, 2003.

Diffusion Tensor Imaging (DTI), | Diffusion- and Perfusion-Weighted MR Imaging
S Mori and J Zhang, The Johns Hopkins University,| | 1N Acute Stroke: Principles, Methods, and

Baltimare, MD, USA Applications
. 2009 Published by Elsevier Lid S
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Spin echo (SE): rephase 1 dephase SE k-spacezi.p : rephase 4 dephase
TR >
96 1po 90 N Phase enconding
B |—| positive (1-5ms) positive
amplitude -
RF > { Each RF pulse , amplitude
[ B (with Gz, 2-10ms) R
o —1 0 0. ,
— ~— >
_% i’ KX » Kx
phase encoding >
Gy > t
frequency encoding >
| negative negative
GXx amglifude " amplitude
J_l_ |—Tr » 1 - TR
A AT N - #TR
Echo VAVATETATAY t < ;Df[{/v N m»(“\\)'r} (%910ms)
ATTS U ° - #TR- =xphase encoding ©
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m Fast Spin Echo (FSE) m FSE K-space Ky
90 180 180 180 180 180
....... t +128—— 0 OO0 0|00 OO0
RF ETL=8 O0O0O0O|0O0OO0
0 e +128 0000|0000
Gz u > Gy +8 . HB8— OO0 000000 Phase
. _ o : 8 8—0000|0000 K
L |_| eJeJeolel fofoNele)
....... Gx 0000|0000
Gx 1 1 1 170 . t
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Echo .‘ """" t sampling Frequency
“senot” echo2 echo3  echo4 7 1 8
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Scan time of SE & GRE

Number of phase encoding (spatial resolution)
Repetition time: can be controlled to minimize the scan time.

Number of excitation (SNR) E

Gx
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Fast Spin Echo (FSE): - TR % =X phase encoding
[

=
.

Echo —————f

t
t—>ETL=4

echo 4

1SNR:vqum

Ny x Nx x NEX|

f pixel size =

FOV

echo 3
echo1  echo2 BW number of pixels |
P . i
; ; BW(rece|ver bandwidth) . lNy -> poorer resolution> better SNR
Scan time = ih Ny is the number of phase-encoding steps
TR x phase encoding (Ny) / ETL x NEX | 2 | —> Scantime = 1/4 NEX is the number of times we repeat the
'S whole sequence
e
Frequency ° 10
! O AR M mazal S mEE
s ﬁ s Sk N S 3 Eﬁ hid ol <2 T %
» > H .
& £ B v 4 (Gradient Recalled Echo, GRE) GRE Pulse Sequence Diagram
@ | it | a m Three operator controlled parameters that affect the tissue contrast.
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Gradient echo: 2D & 3D acquisition time
m F] i TR{XE, #711 - =tscan ¥ *» — 3k
m 2D GRE #4# P = (TR) (Ny) (NEX) (No. of slice)
3D GRE ## P& /% = (TR) (Ny) (NEX) (Nz)

4.1 msec x 512 x 1 x 20 = 41 sec

5.5 msec x 512 x 48 x 1 = 135 sec = 2 min 15 sec
FAIY MR, Y D B 06 B
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Echo Planar Imaging (EPI)

m EPl: p % B PE-anMRIFF 5 i » T 353 & - R F2 17 12 A.<100ms

m T - S TRegsd ¢ #k-spacest & (during one T2* or T2 decay)

2D SE Scan time = (TR) (Ny) (NEX) — EPI Scan time = (TR) (NEX)

m EPIi& * :functional imaging
Ediffusion weight imaging (DWI)
mdiffusion tensor imaging (DTI)
Mperfusion imaging
HEfunctional MRI: BOLD & VASO
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Basic idea in Echo Planar Imaging (EPI)

m Requirements for high performance gradients:
m Rapid on/off switching of the gradients

m Gradient rise times of less than 300 v sec (tg)

(mT/m/msec )

m Gradient strength of 20~100 mT/m (Gmax) } High slew rate

Slew rate=:¥ % :# ¥
Slew rate = max Gmax=d * 1 &
T tg=2 = pF ¥ (rise time)
H =:mT/m/msec

m Fast computers: Tast digital manipulations and signal processing.
m Fast-sampling analog to digital converter (ADC):

1 Nx _ (Ny) (Nx) (NEX)
TBWzA_Tsl:Tl 1SNR— volume TT
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Types of EPI: single-shot & multi-shot

single-shot EPI (¥ =t %)
m K-space® 7} eha B 4 H - RF/% fiFz {5 ke (T84
m S B RE A ) BHARY S REE
AR ENYiRE Y RS S R e E S Rk

B - - S T2%F ¢ (<100ms) 0 3 R e T PiE chp koA
T BRI AL § B F ENY25 (256/2=128=)
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single-shot EPI (E =t j#% EPI)

Original single-shot EPI: (constant phase-encoding gradient)

M mazal s
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single-shot EPI (¥ =t ;% EPI): blipped EPI

m blipped EPI: readout gradient 3 % e0p% i > fik-space® kxihens 4 &

a #7 <% 4 phase encoding gradient(200 y sec)(* 4c Ny=x )
'l ky Signal loss a (blipped phase-encoding gradient)
RF t ky
256X256 RF J56X255
t =
o C Q J Gz [l on (200 ( sec) ! = >
/ 1 1 Constant phase encoding \ VAR # - >
o — t — 1000, g ;
| kx Gy — t >
U . 4 » . kX
GXx t ] 127 < ~
— ox — L L1 5 :
427 < =
Echo U Zig-zag cover;é?of k-space Echo—LN /\/\ Lot t >
17 TEeff ‘ Odd-even coverage of k-space ‘
| manall AR Il manal T
o ﬁ (M’"hrﬂ B E3 Eﬁ %(M*ﬁ‘r{i B iR

single-shot EPI (¥ =t ,;r% EPI)
blipped EPI k-space

Gy |_| :l_l |_| |_| .......

GX I_I I_I ....... R
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single-shot EPI (E =t j#7# EPI): artifacts

WP edp 4R € 4 W D] E B k-space

m  Chemical shift artifacts: 5+ £ $&=4F 5 e 4 £ (fat & water) » 3 =/ F 4p =
S en4s B (remedy: apply fat suppression)

m N/2 Ghost artifacts: eddy currents ~ # % £ e & ~ g3-1% 353 £odd-
even'r § z_ Y PF Y 2 1533 #11¢ = (remedy: proper tuning & shim)

= Magnetic susceptibility artifacts: paranasal sinuses* 1T Z § /238 12 B e
(remedy: apply multishot EPI)

mriquestions.com/nyquist-n2-ghosts humanconr orglabot
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Multi-shot EPI ( % =& i3 EPI)
multi-shot EPI ( % =t ;&%) (also called segmental EPI)

o N F AL A & F S ges 2 (Ns) o k-spaces & F =k e
Ny =Nsx ETL (ETL: Number of lines in each segment)

ky
fﬁ

ka I:I ‘ K
% X
Gx t
spiral coverage H UU Ub U U

of k-space

=

%@<
2
]

‘ Interleaved coverage of k-space
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Scan time in EPI
(single-shot & multi-shot EPI)
Scan time:

m T (single-shot EPI) = ESP x Ny x NEX
= TR x NEX

m T (multi-shot EPI) = TR x Ns x NEX
= TR x Ny/ETL x NEX

| ESP :echo sampling period |

o 1 rr - [ ]
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Advantages of multi-shot EPI
(compared with single-shot EPI)

Multi-shot vs. single-shot EPI

Advantages

m  Less stress on the gradients

m Phase errors have less time to build up compared with single-shot EPI
m Reducing diamagnetic susceptibility artifacts

Disadvantages

m  Multi-shot EPI takes longer to perform than does single-shot EPI
m  Multi-shot EPI is more susceptible to motion artifacts

23
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Contrast in EPI
m EPIg Bt T4 | % =5 7| (“root” pulsing sequence)
B MR¥ ¥t B34 TR~ TE~
SE-EPI (90°-180°-EPI):$% #-T187 T24c 48 eiogif st
Contrast in EPI GRE-EPI (a °-EPI):4% #-T2* ¢ 48 et st

IR-EPI (180°-90°-180°) (inversion recovery):#& i=-T14 1t

m EPISHE fcii it 57 % o but.......
m Negative gradient 35 35 ¢ §2 S TEeff
m 5E i FSER_R mixsEn gL

24
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SE-EPI (90°-180°-EPI)

1% - B180°RF % iR *h 4 g 83 #59 (inhomogeneities) N0 180°

B T1{eT24: Gy

SE-EPI=#f:t 8 _d 180° RF<rephase time®~ i

DWI: “fixed position” proton no signal, diffusion & motion more dephaseing

_Spinecho(root) _ ____________ BRl .
L 90° 1F§’° ! !
RF - 0 > t
[ [ i '
Gz H D L| i: blipped phase encoding ' t
SO B O N o N N N
' | bipolar diffusion !} Ll i
Gx i i gradient (DWI) }i ] ] —1 ¢
| —Teeft - ——1n
Echo i :E AL /: t 25
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GRE-EPI (« -EPI)

= 27 * $/180° RF pulse (susceptibility effect & chemical shift effect % %)
m & ET2*WH i > faster imaging speed > SE-EPI
m GRE-EPI:i¥f1t E_d negative phase gradient i # {=EPI readout p# [ B~ 4
m Dynamic imaging: perfusion imaging, cardiac cine imaging
GRE(00Y) . S
L g :
RF — b
Gz i :: >t
' L N blipped phase encoding H
oy i Jonoonan
Gx I s I s AN s O
: i L1 L1 LI
Echo—. ! /‘\/\‘ /V\/\/\ Y : t ,
O gy oy =11 vnpnpepnynyapngt SN | °
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Eﬁ GRaE-Toy it
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RF
Gz

Gy =

Gx

Echo

IR-EPI (180°-90°-180°)

¥ 4 — 31800k & = ¥ #% it SE2 % (IR: inversion recovery)
F ET14c 4 ¥ (Heavy TIW)
Suppression of tissue signal : STIR (for fat) & FLAIR (for water)

IR (root) EPI

ilSOo 900 180°;; 800 1L
" i ime90°
{ ‘ | N n " nlnverswn tlmer\

—

+1 1-2¢vT

00

—

u 1 Llii blipped phase encoding
v 0. 0 0 0 0y B

-¥  Null point

" A

I - [ | ¢ y})" |

| ! T1 growth curve
y

t Signal =0
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Advantages

100ms or (32~50ms)/slice
HaRDWIis BBk & F #47) » & HCVAG §7ix} §les REVEAL+PACE
& * ffunctional ~ dynamic perfusion ~ Cardiac & respiratory motion % ...
> motion artifacts (motion free)srf-i= ™ JE FPDW ~ TIW ~ T2WH=T2*W
resolutioni 3 *Lenpd fF b 2 iE {7 22 § (256x256 —>512x512)

Disadvantages

m  Fat suppression (; -> chemical shift)

m Poi# F B on/off ¥ i3 = "electric shock”

m phase errorsA 4 (38 * multi-shot EPI % :c )
B B3 R A AR K R R R R

metastases in the liver

(b=50sec/mm?) 28

From:www.healthcare.siemens.com/magnetic-resonance-imaging/
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Ve 3 *MRw ff 2 SEfrGRE"% =/ 7| B] (Pulse sequences diagram)
Va Slice selection encoding (Gz)
Vm Frequency encoding (Gx)
Va Phase encoding (Gy)
Ve w3 T q i 8 (Echo Planar Imaging (EPI))
m PEAcAe i R 22 (Principle of Diffusion Weighted Imaging (DWI))
m PEAche B2 B (Application of Diffusion Weighted Imaging (DWI))

Reference:

1.MRI The Basics (3rd) (Chapter 22: echo planar imaging)

2.MRI IN PRACTICE(4td) (Chapter5: pulse sequences) =2
(Chapter12: functional imaging techniques)

3. S Mori and J Zhang, Encyclopedia of Neuroscience, 2009.

4. S. Heiland, imaging decisions, 2003.

Diffusion Tensor Imaging (DTI) | Diffusion-and Perfusion-Weighted MR Imaging
S Mori and J Zhang, Tha Johas Hopkins Unversiy,| | 1N AcUte Stroke: Principles, Methods, and
Baltimare, MD, USA Applications

2009 Putdished by Elsevier Lid i
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Review: Phase Contrast MRA (PC MRA)

Phase effects concern the transverse magnetization (s ¥ 7 &inf—% 2)
Bipolar flow-encoding gradient (strength and duration but opposite sign)
Stationary spins = zero net phase shift

Flowing spins = a non-zeros phase shift

phase position
flow encoding ¢

5 AN N
LY TN
U

stationary spin @ shift

mobilespin( @ @

phase shift ¢=§wdt =§(7 Gvt) dt==7 Gt di= 127 Gv22
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Review: Phase Contrast MRA (PC MRA)
first lobe second lobe
bipolar gradient
(VENC) higher lower
lower higher
stationary

ITTTTTTTTY =]

"®
Do | 0

flowing both spins moving spin does not see :equal
spin affected equally but opposite gradient polarity

31
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stationary spin

DI

flowing spin !
M3
P\

stationary spin — =

Phase Contrast MRA (PC MRA)

FEYS
EAp i

flowing spin - _ @ Fam
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Magnitude & phase contrast method

m R - £4F = = (Gx ~ Gy ~ Gz) + - = 4% #:(flow compensation)
= = = Gz

RF 0 t t
Gz AU t t
v t :
Gx A t t
Y
Flow compensation, bright blood image Biolar gradients, dark blood imagg,

(254 Mt & B 0405 % FoH£ 2 ppUE)

Velocity encoding (VENC)
thR & 5% (53) ~ VENCA | (%)

Low VENC

1 1
X Steep Gradient: ¥ 5 # . ;= (CSF) !
) |
E10 cm/s ]
1

N phaseshift _________________________

kA HACE R ER > R R RN T g T
1
1 High VENC 1
1 N 1
1 Shallow Gradient: ¥ 5 #-x /it |
1 1

G =
A 80 cm/s A
! same phase shiff, !

junnnil
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kA it

Brownian motion: 8 #cs LR R 53K ¢ ehio s ko 1(1827)
HACBRR AMERSE B FA4053 (IpEH)

F pixel & voxel ® -k & 3 = i@
#BEE R D REERD B O

PpAE S B 2L W @ # (D Values)
B S fe§ S = 3.0x10° mm?/sec

m White matter = 0.77x10-3mm?/sec

m Gray matter = 0.76x10-*mm?/sec

B -k:2.0x10°3mm?/sec ~ 0.06mm/sec ~ 0.5mm/min

35
https://zh.wikipedia.org/wiki/
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MR Diffusion

m MR diffusion * %4 if s e ¢ & 5T (extra-cellular space)sE # iHid &
B AR RS S € X TR e T A diffusion ®

m ligaments, membranes, myelin, and macromolecules

B Gmie chk [ de s dm e BB s 4o s mve ob YRR e

Freely diffusing water Restricted water

36
MRI IN PRACTICE(4td):ch12: functional imaging techniques.
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Myelin sheath & axon
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Principle of Diffusion Weighted Imaging (DWI)

B &g (Myelin sheath) e = : Lipids 80%{w Proteins20% B HCE B F 2 ciE (D value)
B oo AT R MERN R AT 8 0GR B 9 & Imm B oS {e gt = 3.0x10° mm?sec
u i@‘ﬁ ¢ :&{f@l‘ﬁ r#:‘ ~ iﬁ A % :ﬁ BiER m White matter = 0.77x103mm2/sec bipolar diffusion gradient
LI '% %i )i: 13 L V~5~7 5 m Gray matter = 0.76x10-*mm2/sec 5 R H e
" axcinfia% ) %{i A B g R AR m % -k:2.0x10*mmZsec ~ 0.06mm/sec ~ 0.5mm/min
o Sk AU S m sinus vein ~ CSF ~ Peripheral veins = 5-10 cm/sec
B MR/diffusion &_- f&$tt - idiffusionds 3 - 45 M2 B 1+ oy % . g 180°
. ‘ 5 a o
i Mode of Ranvier RF n t RF r\ n t
I8~ < of /! Gz DI] t Gz il t
A8 AT ‘ (@) A Gy | Lo, Gy [1p 1 t
SUIIC = i Mf;f’-f el B Jum I]|:|
“m/ MNades of _' MNucleus of "_".' (: .‘I ¥ Gx t GXx t
Myelin sheath  Ranvier Sehwann coll }. . )'_i&f I-I I—I I-I I_I
A GRE-EPI: no 180°RF / T2~/TEmin | SE-EPI: 180°RF /T2 38
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Principle of Diffusion Weighted Imaging (DWI1)

m DWIe R i2:
m # 12PC MRA
m b #4e ~ bipolar diffusion gradientw {4 73 55 4 %]
m Bipolar diffusion gradient: 3z - & ~ & p& & (TEminI)
m diffusion factor=b factor=4;+/diffusion weighting
m bvaluet , diffusion contrast { (b value ] , diffusion contrast])
m bvaluefes ¥ * 0, 600, 800, 1000sec/mm?
S = gbD Signal =evP=2.7-0
So =2.750a0%)=3794
S =signal with the gradient application
Sy =signal no gradient application White matter = 0.77x10-3mm?/sec
D =diffusion constant Gray matter = 0.76x10-Smm?sec
b =diffusion weighting s0

Diffusion factor = b factor

W Diffusion signal loss by the gradient application

90 180°
N N :
S 26252
? =e7 G4 6 (A-5/3)D:e-bD ER RS S I ]
0 s Diffusion G | Diffusion
S =signal with the gradient application gradient gradient ¢
S, =signal no gradient application
D =diffusion constant ‘_‘ : '_' ‘—‘ : '—‘
v =gryomagnetic ratio
G =gradient strength @

6 =gradient duration
A=time interval between dephasing and rephasing gradients
40
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Diffusion factor = b factor

m b factor=0 no diffusion
m b factor = 500 mild diffusion weighted
m b factor =1000 more diffusion weighted
b factor = - 7 262 5 2(A- 5 /3) | o[ oo | o [Toimsn
D =diffusion constant gradient gredient |,

v =gryomagnetic ratio
G =gradient strength
6 =gradient duration

41
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Bipolar Diffusion Gradient

m Bipolar pair of diffusion gradietns is inserted between the RF excitation
pulse and signal readout.

-G -G
+G +G
il il ol
Q Q Q Q

fix water/proton in phase moving water/proton

Bipolar Diffusion Gradient
SE-EPI (SE-EPI)

m Apply a pair of diffusion gradients before and after the 180°
RF pulse (SE-EPI).

Spin echo (root) EPI 900 1800

P LT DL e EGREEEEE T . +EPI

Do 180° i | RF N [\ ¢
RF i n ﬂ Ei i t Diffusion Diffusion

i " i radient gradient
627 H, IJI_I T ST AT
Gy 4: rephasing :: [I [I I] i t Phase A /A

|_| |_| U — Doshift ] § W L
X ; dephasing E; 1] LI — E t

: ¥ I\/\/\/\/\/\/ 1 fix-position proton (no dephaseing)
Echo+— L 1t diffusion position proton (dephasmg)

@_D % ,ﬂfé@’;‘r‘;f i;%
;}7'% ;(4‘3 ﬁlg _—
Principle of Diffusion Weighted Imaging (DWI)

m Diffusionz &4 B A+ ¢ L IREH 7 £ 72 LAk d &
m Free: high diffusion along gradients — low signal
m Restricted: low diffusion along gradients — high signal D

m DWIP gk a3+ B S At ahi B
Diffusion gradientsz > & # 4= = B > » (Gx, Gy, Gz)

P E kAT HE S b (84 kA S mrestricted)
Diffusion magnitude (trace image): DTI

T2-weighted image: DWI: root + diffusion G+EPI - TRT TEI

44
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Diffusion Moving vs. Signal Intensity

H Emma YA At
B e via

Diffusion Moving vs. Restricted

moving | 7 T L A
= Water/proton moving T signal 1 speed fm " ﬁfg g:fj!g b . mncrease in the size of cells
fmie ob IR R e . .
5 ' ' mInfarction :cytotoxic edema
Stationary Stationary S ol
ame signa
000 | [cco |4 L] e _
’ — — Restricted mIncrease in the number of the cells
Slow diffusion Slow diffusion diffusion T
| | UMOrS
(CCO | [cco Kl
Medium diffusion Medium diffusion
’QQQ ‘ ’QQQ ‘ i D mIncrease in the viscosity of the
Rapid diffusion Rapid diffusion No signal extracellular fluid
’ OC ‘ ’ OCC ‘ D Increased mAbscess "
Il jmannl o mE [ [mmanil PR
BEH wupep v a4 @‘F BEH couperr a4
_o

Diffusion gradient and motion

............. ]
Free water \/ha

rephasing

CSF ]

Lowsignal | gephasing

900 180° O O@

NN e ] ©
RF t OO
orean) oo 109 S0 0 o

Gx t O
dephasing  rephasing @ @ @

7

Diffusion gradient and motion

- ]
Restricted water gresaseraees : %

Tumors : : rephasing
Abscess %M
dephasing

High cell density high signa

1800
90° ﬂ O O A O O
+EPI ----------
Diffusion Diffusion OO Stel o
gradient gradient 0 HA W [
Gx t O O O
dephasing rephasing O O o)\O
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Diffusion Weighted Imaging (DWI) Diffusion Weighted Imaging (DWI)
m Diffusion gradients 1 > & B 4= = i =  (Gx, Gy, G2) €c¢C _ 180° _
m 3 7 {4 (isotropically) sHDWI high low moving X gradient X gradient
SE-DWI  90° 1800 diffusion diffusion proton
RF n t
— [1 ¢
I U X-axis
Gy n ... ¢
U
Gx = <. 0 T ! y-axis
e ATy
Echo t s pwi || ||
TE (long : GONlZOmSeC) ;V% ﬂ<f‘E;;>r9r{MniltiMe-1h:jnh html a *
! O f e M PN
G §ics G A
_0
Apparent diffusion coefficient, ADC T2 shine through effect

m Restricted diffusion & anisotropy m {E+4r-b=1000 - diffusion gradient (G): 10~40mT/m(# ~ )

" AL -SSR m b F R oA Kt

m DWEHAR = B2 »4i# » & %5 @Dx Dy Dz m SfvA#%E TEfﬁfI&g # % (TE : 60~120msec)

m ADC is isotropic map (& B & = %) fiber (anisotropy) o =, Sy =

m ADC | for acute stroke infarction. m TEE 43 _ TZWT‘“g #® o N

m &5 7 FFweighted® ik ¢ > fdiffusion coefficient
Dx+Dy+Dz
ADC=z —————
3 | b factor =-y2G2 5 2(A- 5 13) | G| Diffusion G| Diffusion
> _e-bD D =diffusion constant gradient gredient |,
S =gryomagnetic ratio —5 '_. g -

S =signal with theogradient application g=ngdien?stren th

S, =signal no gradient application _g . g ’T

D =diffusion constant b =diffusion weighting 6 =gradient duration L= o

SUSUMU MORI et al. THE ANATOMICAL RECORD (NEW ANAT.) 257:102-109, 1999
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T2 shine through effect

m TR value DWI sequences is long (8-10 sec) , so (1-e TR™) term
may be disregarded.

m  DW images both T2 and diffusion weighted (long TE: 60~120msec)

m Long T2 lesions can increase DWI signal mimicking restricted diffusion

m Clarified by reviewing ADC images

- ~

B K: is a scaling constant,

B 7R, TE, and b are operator-selected parameters

W [H] is spin density

B ADC is the apparent diffusion coefficient (& - #3734
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Application of Diffusion Weighted Imaging (DWI)

m Ischemic stroke
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Ischemic stroke

R energy deficit
B BB AR T Na+/K+ pumps
Eventual
lysis(‘m #2 ;3 )
edema Glial and neuronal

Swelling (intact BBB)
(cytotoxic edema)

v

Vasogenic edema
(cytolysis)
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Ischemic stroke & T2, DWI, ADC

T2 DWI ADC
m hyperacute(<6hrs) iso high low
m Acute (6hrs~7day) high high low
m Subacute (1~3weeks) high iso/high iso
m Chronic(>3 weeks) high iso/low high

It P
ctus ‘;‘_ DW'

Signal
Intensity
(SN

%

AR
B comper 34

AR B
Ischemic stroke / 3days / acute stroke

(d!srupted BB.B) ’ Reduction in I-r::id]
Tissue necrosis ADC drop DWI extracellular space
DWI low signal restricted hyperintensit
ADC high P y 1 . 1
57 3060 min "2__4 ';Iays 10 days
jun i

WA EE R
Ischemic stroke

Maarten G. Lansberg. et al., Evolution of Apparent Diffusion Coefficient, Diffusion-weighted, and T2-weighted Signal Intensity of Acute
Stroke, 4JNR Am J Neuroradiol 22:637-644, April 2001
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ex: Prostate cancer & diffuse lymph nodes metastasis

Prostate cancer with extracapsular and semlnal ve3|cle invasions,

diffuse lymph nodes metastasis, bone metastasis. stage T3N1M1 61
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Invasive ductal carcinoma

Invasive mammary carcinoma

Kuroki.2004 /Mohammad Eahtedari1. et al. 2016
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Breast carcinoma: DWI helps detectmg asmall vertebral metastasis (arrow)

C. de Bazelaire et al., Let’s diffuse diffusion , ECR 2009.
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