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m 3 AMRw ff 22 SE{+GRE*% #5 7| (Pulse sequences diagram)
m Slice selection encoding (Gz)
m Frequency encoding (Gx)
m Phase encoding (Gy)
m ¥ 3§ I 5 i3 2 (Echo Planar Imaging (EPI))
m PEHT4e #12 #2 R 32 (Principle of Diffusion Weighted Imaging (DWI))
m PEicie i B2 (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)
(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 Universily, in Acute Stroke: Principles, Methods, and
Baltimore. MD, USA Applications

2009 Published by Elsevier Lid
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Spin echo (SE): rephase 4 dephase
(K-space fj ®) ) R -
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Fast Spin Echo (FSE)
90 180 180 180 180 180

RF > t
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Fast Spin Echo (FSE)
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Fast Spin Echo (FSE): - # TR % =t phase encoding
90 180 180 180 180

0 r1ri1r1 T[] ot

Gz I_l
|

Gy >t—>

RF

>t —> = - 3 slice

4B f
phase encoding

o o e e e

Echo1 Echo2 Echo3 Echo4

Scan time =
TR x phase encoding (Ny) / ETL x NEX

______________________________________________________________________

— Scan time = 1/4

Frequency 13

Scan time of SE & GRE

Scan time = (TR) (Ny) (NI%X)

1 1
1 1
i Number of excitation (SNR) i
X Number of phase encoding (spatial resolution) i
1 1

Repetition time: can be controlled to minimize the scan time. !

_ Ny)(Nx)(NEX ] ze= — O
lSNR = volume %’Q/()l T pixel size= number of pixelsl

(¥ EFOV) .
BW(receiver bandwidth) ’ l Ny - poorer resolution—> better SNR

m Ny is the number of phase-encoding steps

m  NEX is the number of times we repeat the T SNR = FOVx FOVy AZ / & )(I;lVE);’ —
whole sequence J’I x) (BW)
(¥ BFOV)
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¥ B & % v % (Gradient Recalled Echo, GRE)
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GRE Pulse Sequence Diagram

m Three operator controlled parameters that affect the tissue contrast.
o ;
i ia

RF r I_l
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Gradient echo: 2D & 3D acquisition time

m F] i TR{%AE, 71 - =tscan¥ *» - 3&
m 2D GRE #4# =& = (TR) (Ny) (NEX) (No. of slice)
m 3D GRE #4# # & = (TR) (Ny) (NEX) (Nz)

4.1 msec x 512 x 1 x 20 = 41 sec 5.5msec x 512 x48 x 1 = 135 sec = 2 min 15 sec
R VR e B R E 8 £ S,

¥ El - 33‘,?2
Echo Planar Imaging (EPI)

m EPl: p % - eMRIFf5 $oiis » T3o% & - 3847 2 £<100ms
m ¥ A - X TRawg# ¢ sék-spacest ;% (during one T2* or T2 decay)

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

m EPI:# * :functional imaging
mdiffusion weight imaging (DWI)
mdiffusion tensor imaging (DTI)
EMperfusion imaging
mfunctional 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 strength of 20~100 mT/m (Gmax) high slew rate
m Gradient rise times of less than 300usec (tg) (mT/m/msec )

+Gmax

Slew rate (SR)=:¥ i & F
Gmax Gmax=%+ 4 &

tg=_ = PF ¥ (rise time)

H =:mT/m/msec

Slew rate=
tR

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

TBW:ﬁsl="I\'l_sX1 1SNR = volume /—?—(Ny)(’;’;l),(NEX)
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Types of EPI: single-shot & multi-shot

single-shot EPI (H =« j#%)
m K-space* #7} s & 4 8 - RF% ez 16 ki (748%
m A E S B R(GX)E EATE L R Y R
B s S BNy £ R & f e E R

mH - - ST2%% R ¢ (<100ms) > F MR e Pid end B
I EF B f EF #Ny2= (256/2=128-)
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single-shot EPI (E =t % EPI)

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

o

ky Signal loss
RF t
256X256
Gz ] t /b
—
T L . \
Gy / : Ig)onstant phase encoding \ t D
427 ﬂ: : o kx
Gx ! t D
g\ i 5-127
Echo TE t Zig-zag coverage of k-space
eff H 21

single-shot EPI (¥ =t j#% EPI): blipped EPI

m blipped EPI: readout gradient 3 % shpF & > A k-space” kxifihend #55&
#7 <% 4 phase encoding gradient(200usec)(*s 4x Ny=xt )

a (blipped phase-encoding gradient) K
y
RF
256X256
Gz t = >
on (200usec <
14 Lonn B :
Gy——d-I t = >
....... < > kx
7 < -
Gx— t > :
; ' ke = T
Echo —AZN ¢ 1 >
TEeff H Odd-even coverage of k-space .

single-shot EPI (¥ = j% EPI)
K
blipped EPI k-space gy

Gy

-
S R — ] s

|

single-shot EPI (¥ =% j&%* EPI)

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

o
‘l ky Signal loss
RF t
256X256
Gz t J
Gy t D
kx
Gx t D
; 1
127
Echo ' Zig-zag coverage of k-space
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single-shot EPI (¥ =% j#%* EPI): blipped EPI

m blipped EPI: readout gradient 3 F ¢hp* i > fk-space® kxfiheid =858
%7 <11% 4r phase encoding gradient(200usec)(¥ 4t Ny=t)

o (blipped phase-encoding gradient)
ky
RF
256X256
Gz t - >
on (200usec <
I_I / \( Hﬂ ) ﬂ |_| |.| < >
Gy ——LJI-‘ —l t = >
...... < 3 kx
t < :
t e =
1= > t
t
TEeff Odd-even coverage of k-space
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single-shot EPI (¥ =t % EPI)
blipped EPI k-space Ky

Gy |_| |—| |_| |_| ....... .

GX | I ﬁ ------- :
L L] L] .
P p ¥ Foitppt

single-shot EPI (¥ =t j#3 EPI): artifacts
B F PP 4 g;;g e W 3| & B k-space

m Chemical shift artifacts: 7 + & 3= 5 e 4 & (fat & water) » i = ir F4p =%
ek ¥ (remedy: apply fat suppression)

m N/2 Ghost artifacts: eddy currents ~ % % % e B ~ @357 353 &
odd-evenw § z FF R 3 £33 #7i¢ & (remedy: proper tuning & shim)

= Magnetic susceptibility artifacts: paranasal sinuses*itiT z § /le 3 ha J re
(remedy: apply multishot EPI)

mri-q.com/chemical-shift-in-phase  mriquestions.com/nyquist-n2-ghosts humanconnectome.org/about/project/ MR-preprocessingt 27
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Multi-shot EPI ( % = j% EPI)

multi-shot EPI ( % =% j#% ) (also called segmental EPI)
G T AR A 2 5 s 23R4 (Ns) o k-spaces & § =k B
Ny = Ns x ETL (ETL: Number of lines in each segment)
ky

<

e
e =

kx

kx

spiral coverage

of k-space
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

N T ] =
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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
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Contrast in EPI

m EPIg i3t T it 5 71 (“root” pulsing sequence)
m MR¥ ¥t B H A TR-TE S
SE-EPI (90°-180°-EPI): 4% #T12 T24¢ 4 crag 1t
Contrast in EPI< GRE-EPI (a°-EPI):3% i=T2* 4¢ f et

IR-EPI (180°-90°-180°) (inversion recovery):# &T14f+

m EPI R et 2287 < > but.......
m Negative gradient® 13 33 ¢ % L TEeff
m g i FSEE_B mix i 5
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SE-EPI (90°-180°-EPI)

17 - #180°RF % s FR ¢t 4 #5843 $5 4 (inhomogeneities) no 180°

u
m R ET1eT24c 4 Gy
m  SE-EPI=#+t £ 4 180° RFrephase times~ i | J
m  DWI: “fixed position” proton no signal, diffusion & motion more dephaseing
__Spinecho(root) ____________| =
o B e
RF = : -t
i :
1 ] t
Gz ! L |_| " blipped phase encoding Er
Gy : I:l ' I:l :: ﬂ ﬂ ﬂ ﬂ ” ﬂ bt
' | bipolar diffusion }! L !
Gx A gadient©OWhy 1 [ [ .,
1 hy ]
: =
Echo — VAN o t

b= = '; __________________________ 1 32




r i —
GRE-EPI (a-EPI)

L3 * ¥]180° RF pulse (susceptibility effect & chemical shift effect i

# ®T2*W#. i} - faster imaging speed > SE-EPI

GRE-EPI=+#f1 E_d negative phase gradient i # 4-EPI readout p# /& B~ -
Dynamic imaging: perfusion imaging, cardiac cine imaging

GRE (root) ! =
o i
RF —i ¥ > t
Gz — N s . . > t
' " blipped phase encoding !
4o nnnn
: T — ] l
Gx ! | L L1 L1 L1 t
Echo — /ﬁ / N\ "\ ot N

IR-EP1 (180°-90°-180°)

m 54— B180°F B 4% = SE2 % (IR: inversion recovery)
m 3 ET1e i (Heavy T1W)
m Suppression of tissue signal : STIR (for fat) & FLAIR (for water)

1180° g0 180!

Tl 180° TI 90°
! 1
RF - ‘ “ >N ﬂ 1

nlnversion time
>

n

' )
1 1 L
. [N 1 +1 1-2e VT
S N M Gzt 12 .
1 U D:: blipped phase encoding ! 1 et
oy cfl 00000 0" t
| h : 1\ /Uyr I
: n 1 1 !
e ! ::D ! t ‘ T1 growth curve
i ::y\/\ i -1 Null point
EChG:________________:;_____________________.t Signal =0
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Advantages
m  100ms or (32~50ms)/slice
P93 DWIig B (BLB-k » = #47) » E1CVAGZ #71% G §e

REVEAL + PACE
# * ffunctional ~ dynamic perfusion ~ Cardiac & respiratory motion% ...

> motion artifacts (motion free)= ;=™ & #PDW ~ TIW ~ T2WHrT2*W
resolutionii %} "UehpE Y p 3 i (7 22 L (256x256 —> 512x512)

Disadvantages

m  Fat suppression (i -> chemical shift)

m  P-i# s B on/off ¥ &t i = “electric shock”

m phase errorshz 2 (:& * multi-shot EPI % &)
B B D Y RACHA M ARE R R G g R

metastases in the liver
(b=50sec/mm?) 35

R AR R

m L AMRw ff 22 SE{-GRE% fir & 7| Bl (Pulse sequences diagram)

“ m Slice selection encoding (Gz)

“ m Frequency encoding (Gx)
m Phase encoding (Gy)
m ¥ 3 T 5 i B/ (Echo Planar Imaging (EPI))
m JFEc4c #E # K 22 (Principle of Diffusion Weighted Imaging (DWI))
m JEHcAe i Bt (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) m.
(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
& Morl and J 2hang, Th S e | |iN Acute Stroke: Principles, Methods, and

ori an ng. The Johns Hopking University o 5
Baltimore, MD, USA Applications

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

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

Flowing spins = a non-zeros phase shift

flow encodlng /d\
o o

stationary spin

phase position

phase
shift

}

mobile spin

phase shift ¢ = [wdt =]y Gvt) dt == 7 Gv ]t di= 172 7 Gve2

37
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Review: Phase Contrast MRA (PC MRA)

first lobe second lobe

bipolar gradient
(VENC)

stationary

Spin‘

flowing

) both spins moving spin does not see equal
spin affected equally but opposite gradient polarity 38

Phase Contrast MRA (PC MRA)

stationary spin

flowing spin

150

stationary spin — = mY
e ‘s@.wae'z%
flowing spin _ _ =
a AR
39

g P

Magnitude & phase contrast method
R - £4F = & (Gx~ Gy ~ Gz) + - = 4% #(flow compensation)

Flow compensation, bright blood image Biolar gradients, dark blood image 40
(30 WIAh % A 4B © FIR2 ppthk)
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Velocity encoding (VENC)
PR £ 5 (33) ~ VENC § |

ko A ER ER > PR RKRHS T U E

R

Brownian motion: &g #cdi B2 R 53k P ehio s kg 1R(1827)
WITFERLMERASS » B D AIUES (HHEHR)

e pixel & voxel ® e-k &2 F 2w ig &“{Eﬁ%*m fe -m

podn bRl 2 o E] «~1

B PAGE S 2 i@ d (D Values)
[ —‘F“ ‘ft‘rﬁ 3% 47 = 3.0x103 mm2/sec
m White matter = 0.77x10-3mm?2/sec

m Gray matter = 0.76x10-3mm?/sec

Hot Water lce Water

m %#-k:2.0x10°3mm?/sec ~ 0.06mm/sec ~ 0.5mm/min

42
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MR Diffusion

m MR diffusion * %4 i fm ¥z b & F (extra-cellular space)it 1 cid &
B AR R A S g TR B Dl g g T g = diffusion # &

m ligaments, membranes, myelin, and macromolecules

LI RN RTINS St r: RLINC LR ol b &

Freely diffusing water Restricted water
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Myelin sheath & axon

(i 5.8 )

¥4 (Myelin sheath)s% = : Lipids 80% - Proteins20%

JmPe WEE AR T MERR R AT A 0 Lﬂﬁ B 9 £ 1mm

By e Rl 3y A B RIFT

A EE R T R 5~T

axon%ﬁ#@: R AR > B Eoonag R AR

WEAEAT T ME TR

MR/diffusion~ & - f&@ %+ - izdiffusions# 3% > :P; S m)};;

Node of Ranvier

Layers of myelin

" 5
- [

—

{ \

Schwann
cell
e ¥ ML X .

O o WS

Nodes of % Nucleus of
Myelin sheath  Ranvier - Schwann cell

=

£
2
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A B RIL
Principle of Diffusion Weighted Imaging (DWI)

B FHACEF 2L i hiE 6 (D value)

e ® Fadc = 3.0x10°3 mm?/sec

m White matter = 0.77x10-3mm?/sec bipolar diffusion gradient
m Gray matter = 0.76x10-3mm?/sec 35 & 3 4
m #-k:2.0x10°mm?/sec ~ 0.06mm/sec ~ 0.5mm/min
m sinus vein -~ CSF - Peripheral veins = 5-10 cm/sec
Q© ggo 180°
RF Al t RF Al t

GRE-EPI: no 180°RF / T2*/TEmin T

SE-EPI: 180°RF / T2
45

P i R R L
Principle of Diffusion Weighted Imaging (DWI)
n DWleg 32
# 17PC MRA
vt fi4e ~ bipolar diffusion gradients {5 3 55 4 &
Bipolar diffusion gradient:3z - & - & P&/ (TEmin])
diffusion factor=b factor=#;#|diffusion weighting
b value { , diffusion contrastt (b value | , diffusion contrast )
b valuefz4 ¥ * 0, 600, 800, 1000sec/mm?2

S Signal =etP=2 7-oD
— = gbD

S, =2.7-6(1x109)=379,
S =signal with the gradient application
S, =signal no gradient application
D =diffusion constant
b =diffusion weighting

White matter = 0.77x10-3mm?/sec
Gray matter = 0.76x10*mm?2/sec

46

L S

Diffusion factor = b factor

B Diffusion signal loss by the gradient application

900 180°

ﬂ t

S
— = 72626%A-63D=gbD
So

S =signal with the gradient application
S, =signal no gradient application
D =diffusion constant

v =gryomagnetic ratio

G =gradient strength

6 =gradient duration

B AR L R

A

A =time interval between dephasing and rephasing gradients

G Diffu G Diffu
grad grad ¢
47

L —

Diffusion factor = b factor

m bfactor=0 no diffusion

m b factor = 500 mild diffusion weighted

m b factor =1000 more diffusion weighted

b factor = -y 2G2 5 2(A- 6 /3)

D = diffusion constant
v = gryomagnetic ratio
G = gradient strength
6 = gradient duration

= KEE B

48




Bipolar Diffusion Gradient

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

N
r <

.ull Al Ll

@ @mphase @ G@)ut of phase

fix water/proton moving water/proton

RF
Gz

Gy
Gx

Echo

Bipolar Diffusion Gradient
SE-EPI (SE-EPI)

Apply a pair of diffusion gradients before and after the 180° RF pulse

180°
90° +EPI
I [\

Diffu Diffu
grad grad

P, A ya

(SE-EPI).

__Spinecho(root) _______ EPl ____

| 1800 o RE
1 90° it

A N i ¢

N T o
i U U ii blipped t

' rephasing,

: [I |‘| f shift
; o 1 [1 t

VO

fix-position proton (no dephaseing)
t diffusion position proton (dephasing)

P B F R
Principle of Diffusion Weighted Imaging (DWI)

m Diffusion = &4 F 4+ ¢ R D 2 7 RPLR DB &
m Free: high diffusion along gradients — low signal .
m Restricted: low diffusion along gradients —high signal

m DWIp sk a3 Bd g 2 Bt et ani 2
Diffusion gradients 3 > & 4= = B = % (Gx, Gy Gz)

P RokAFHE DS e (R gk 3+ 5 &restricted)

m Diffusion magnitude (trace image): DTI

T2-weighted image: DWI: root + diffusion G+EPI » TR 1 TE |

51

Diffusion Moving vs. Signal Intensity

fmPe 0k ) i\‘gﬁn

movin g
= Water/proton moving T signal 1 speedg K ~a$¢ £ 4o
KLERAR Ll BT Ea
Stationary Stationary Same signal
00 00 ﬁ Restricted
diffusion

Slow diffusion

Slow diffusion

Medium diffusion

Medium diffusion

Rapid diffusion

Rapid diffusion

. No signal
Increased
52
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Diffusion Moving vs. Restricted

mincrease in the size of cells
mInfarction :cytotoxic edema

mlncrease in the number of the cells
mTumors

mincrease in the viscosity of the
extracellular fluid
mAbscess

53

Diffusion gradient and motion

A
Free water i
rephasin
. -
Low signal dephasing

180° o

- 7?0 ﬂ +EPI () .G ()

Diffu Diff G. .Q o

grad gra

Gx t o
dephasing rephasing O G e

Diffusion gradient and motion

Restricted water | ;ovveeeees — '
Tumors rephasing
Abscess —

High cell density | high signa dephasing

180°
90°
+EPI
S B i
Diffu Diff
grad gra

Gx

dephasing rephasing

e R i
Diffusion Weighted Imaging (DWI)

m Diffusion gradients I > & B 4== & * = (GX, Gy, Gz)

m X% % {4 (isotropically)=DWI high low
SE-DWI  90° 180° diffusion diffusion

S —
- F"ID
Gy

X S L]

A
Echo t bwi

AWM > GM

56

TE (long : 60~120msec)




AT R T
Diffusion Weighted Imaging (DWI)

180°

x gradient x gradient

moving
proton

X-axis

y-axis

Apparent diffusion coefficient, ADC

Restricted diffusion & anisotropy
AT - BN e D AR

I
DWI:# & = > éfa’ﬂf»’é » £ w|B~{8Dx ~ Dy ~ Dz U
ADC is isotropic map (& & = & %)
)

ADC | for acute stroke infarction.

fiber (anisotropy

+Dy+
ADC = Dx+Dy+Dz

S

—— =g-bD

So

S =signal with the gradient application
S, =signal no gradient application
D =diffusion constant b =diffusion weighting

T2 shine through effect

BE4-b=1000 - diffusion gradient (G): 10~40mT/m(# )
bEZz L ofvA K& B

OfcA# % ' TE Léif]*u ¢ %% (TE:60~120msec)
TEE &% > TZW%&;gi&%

& 3 7 I weighted® ik ¢ » Rdiffusion coefficient

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

b factor = -y 2G2 5 2(A-5/3) Diﬁu. Diﬁu.
G G
o grad grad
D =diffusion constant , ,

59

t

T2 shine through effect

m TR value DWI sequences is long (8-10 sec) , so (71-e~"”T’) 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

- e

W K: is a scaling constant,
B TR, TE, and b are operator-selected parameters
W [H] is spin density

B ADC is the apparent diffusion coefficient (% =+ 47 4)
60
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T2 shine through effect DWI  DWI

¥
«DWI f-ADC | T2} @ Hpima) ADC
=« DWI {,ADC 1, T2

” : « [RESEES] | T2 shine
(T2 T effect > ADC effect)-"T2 shine through by

1 RTO P50 i
Application of Diffusion Weighted Imaging (DWI)

m |schemic stroke

CIREREIE i B B

LR R e e gV R
B OEY RN E R T
CER Y FTgi 5% ) 8

-

>

G

i

W

B

62

Wi B R

Ischemic stroke / 3hr / hyper acute stroke

'
) -

Wi R

Ischemic stroke

®F R energy deficit

s . _ Intracellular
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ex: Prostate cancer & diffuse lymph nodes
metastasis

Prostate cancer wnth extracapsular and semlnal veS|cIe invasions,
diffuse lymph nodes metastasis, bone metastasis. stage T3N1M1 68




Invasive ductal carcinoma

Invasive mammary carcinoma|
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ADC value & Tumor cellularity (‘% 5 1)

Tumors with high cellularity

m Medulloblastoma ( #%# =" %) - low ADC value (0.55-0.95)
m Lymphoma ->ADC value (051-0.71)

m High grade glioma—> ADC value (058-0.89)

m Metastasis> ADC value (< 1)

Tumors with low cellularity
m Ependymoma (z ¢ %% ): low cellularity - high ADC value (1.01-1.3)
m Low grade glioma—> ADC value (>1.05)

ABI& = H  low cellularity
ADC <1 ‘ high grade

71

Faten Fawzy Mohamed et al. The Egyptian Journal of Radiology and Nuclear Medicine Volume 44, Issue 2, June 2013, Pages 349-355.
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Breast carcinoma: DWI helps detectlng a small vertebral metastaS|s (arrow)

Intracranial Hemorrhage on MRI

Staging Time Component T1 T2 FLAIR DW image
Hyperacute 1 day
Acute 1-3 days oxyhemoglobin B A A B
Subacute _ 3-7 days deoxyhemoglobin C B A A
early
Subacute Methemoglobin Inner:B
- 1-3 k A A A
late weeks (intracellular) Outer:A
i - Meth lobi
Chronic_ 3weeks ethemoglobin A A A A
early months (extracelluar)
Chlraotr;w_ months - years hemochrome B AorC B B
h ideri
Remote months - years emosll .erln/ B A
ferritin
A: hyperintense B: hypointense C: Isointense
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