ced Clinical Practice

Cardiac MR Physics

2o R E

1. Cardiac MROIA 0] cardiac, respiratory X782l &2/& 0[df 2tC}
2 gEfsX Achs 98 NEFAOIEe D)2 g2l ¥ X7 =HSE FATIE A inversion
time MEfo] SRAE Ofs)ztct

3 JI&& HIIE /3t cine Cardiac MR % perfusion MR Z&2[E{9| &2[E 0fs]3tf

e A7t dojgkoyt £3] A o] 3t MR Al2H) surface coild] 7iE 2 o
Y A 2 gradient®) /WA ECG gating technique®l 734, respiratory gating 7

—r 4

2 Ahgol Zusln itk T WEH MRS physics 3 49 T4 Q2o A5 4
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5 ASAAZAE 4% MR 94 718e 47 d8l7] olae dol did ol g 299
AT 2el A% MR G430 ME $EZ A5 $5UL wol: Frle W Fee
A 82 ohyet A 247b4 Hrbshok 37 WRe] 712Hel MR physicsol Bt} 55

Q314 43 MR 947182 olsjshed 2
2% 71289 a9 B9 U BE GPRFY 22 2 ool B2 3 IFE
s o dAHoE JME FLE A9 AUY HAYYABE Frlel ALg

o
%
il
o
He
o
Ui
3:9_'
N
R=)
Ad
9
£
L
2
)
N

i
L

ARZE Gdssle b oA 7B F8353 7ol He 84 AREEH IEFEFOIH
JaE AAUe ANFTE o)L AT AR L= T 5F3LEY 2
FdE B F713t 7o) o]t

(1) AAEZ (Cardiac Synchronization): AR % E7]3} 7Y

AL F71H 02 FE3e U)otk AR 7AXQ F5 ddste A7
3} (electrical depolarization)?} EA#T B2 AR FFd A4 AFES
de W AZArFY 22 A7l S oW Jhesith vAl 2 Zb7be] phase encoding
stepe AET719 2L A7) (& AT @ AHE V1€ 22 A e Fa) o
doHI JFFYol e S A He Aotk F4HLE AHxdA RAE 7T LR 3
£ 37 B2H 2 ol R 7B Aol wobd A e & 7] WiEelth IEE R
o) M2 g H55e AFF A AN (delay time)o} 32 LA A &2 A2FH ZF 7oA
GYNEE A7 HEZ o2 FAY AAZE G2 APHFAA 2e Azl A ARF
719 G382 @A He Aotk 71T S @7] AN Tdd AdAZIY FEAHEE <
olM Z+ AAA7I AEE FFoeM FHA ARE A Foh W F2 HFGHA R}
U #35HW MRA 22 A278M9 g AHgsE A7 29T
T 989 Bre Hluy Y] HE Y %{} 52 27|12 o] &3HA |

%

NNY AFGHE AT HAE 5712 A3 R ol 9% A/NEE FF wohhe
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Aol Fasith 18uE AAE F7)9A Repel 277t HA8A 2AMe] geA So| Fag

A ft B 5o Al AEA] QRS Aol WoldA RAE AAeA EaAU Py
To7} zobA (d; A8E7, hyperkalemia) R%2 Q14E Zfde AL AAE $717F =
P58 olo) met Gel Ao WoixA B v A%E A G
7l olelem the A3ggel A7l Bk Ed A8 /3716301 Y& ASE AFL TRA?
AXel gXekE Aol BAF AZIE Bk 0B AS AFY NG wEAY RS o
We &9 (threshold)e< £Este B97F 8ok H2 oM &9 ‘vector cardiogram ©|2h=
ol A HA Bk AHE AWE F717h shsebA Bgled ol Bes Hustd te
FE AAE AT FAE dolM REez FHE P, T 32 M2 ZHMFL=2N RS En
BE3 3 sk ol o -

PAE AEE olgd] AR 5
retrospective gatingo] &34 ©& 2}v
7} 821

"'1—‘

N

__..I~N

2 sl= wpde AWsA FEsd triggering, gating,
E 7HIX1 govt Hola il gatingolgal Hde A+

(2) 2% €59 Ao

IF T2 AFEEFHE 98 AR FH-o| sheEith 21HEE g ARSI
< O3 fast imaging techniqued o] &3ld &S FAMN FHdA FF3e 497 BoH
T2 G4ol o|FA dolth o] A Ui wEF2eE sHAS ¢7] St g W
AAZ she] dvks A Z97 g oy B #8xke] sFIdo] AstAY 32 A}
7V 2P HL SFFAFE| EFAT Aol 354 9 misregistrationo] EEd= 5o
AZE Aot mebd JHsstd @ M9 S Be gEe doiM IRAAY wE EolBe =
20| JPHH o]& AN Boh WE Jy7iHel aFHL AT EF nIHEY 94
9 878 BEEW MR 3% 52 oEgol o g 3ARH 2F2sHY dEe A
7B E 0] ‘i'l-?iloi gSedl FHY SFAEE 4YA T& o8t EUEssE WY At
T, A8F BN E o] &o] Jheshvt ARG dME sl gtk 2y AD 29
naVlgator echo’ 7|'Ho| L/NHHEAN EFF X 713 Aol UA F»lSdD}(Figure 1).
HHE Ho ARR (53] 5 T 549 MR AZRE7} Aol7t e AE 0|3l 5 3
AutE 7I2AEE RF pulseE HUAM A3ZEE A3 o] o] &3t IR A& 3td
= oz o]g 5dlo gAY 947t dAT A (window)el Ak Aol ¢

A7) s WlelT Ul £FLF0l 57] Tol YRR AL AAKL SAYe] He HL of

3
2.5

rtl
of
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Motion-Track Display Window

Free breathing acquisition

* using navigator Leading navigator

iung
Enci-
expiration_
: Hanoe
Whndow{mm]
End- , }

inspiration

Breathing

S Image acquisition
statistics

3. AEYATIY 1 - HEfSHN ACh:

ARG oA FEstHel Ade MHA AZgoly E& ARVD (arrhythmogenic right
ventricular dysplasia), A3EY4, 59 Hrlo] 2 o]&=H+E spin echo AEY dA7|¥HA Y
ARG SHA AR 7MY B AFESS Frka) st ALLHE X A7) 2YZ7 A

271902 s itk E# olo] tiatel $AFY MRA 7ol Utk

(1) Spin echo A4 44 7|4y
WeF 9AAel 877 4o FeRAEQ Wil @ Aojehd Y dE A4S (contrast
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WY FH2 ARt S5 (temporal resolution)o] oJRTHE Zojch & WY AF HE F 2
e 180= BAE o] &3t AYdslsle He B2 Aol deH old et 44F7] v #
= V= 9 Aol ofHrh =3 ToF AFHA spin echo WA LR I HEAFI) 7T s
S A7) Y5l Be AEEe] HasH HEg U
T B2 ARbel YA Ho A 3FLFE AT F A v 2E=R o]F FEGY
A3 turbo (fast) spin echo WH-E o] &35la 3 AAFI|A v|uE & A9 H3ees 5

¢t 12| phase encoding stepg & WS AHESHA duh bEbA F2 SFHA A 47
£ szt 3 IAEEH S A BHE AL gk 714 F97 A2 AAdE F2E 8l
A 22 TRE Qo2 23T + glon 4218 FFARL o W2 2AE F3) e A
oltt, ol F 472 flowing blood?] signal ©] §1oIAE 49 ‘black blood 718l a2
ot 23y AAZE A2Y trabeculation W, slow flow area FollA N57t LAt A&
2 BVt olEle A9t 8ok wEb FI2ee olg g 71l tiste] blood signal® fat signal
< EFRHoZ glof7] ¥t double 32 triple inversion recovery pulseE —%—7}‘5’}% HhH E o]

W= 2L 1T} Double inversion recovery 8- AA gArH A4 180X inversion pulseE A&

phase encoding step & d=td 3§ JAS

b

&

T Fe 1A ske HHe] A selective inversion pulseE A8 S ZM blood signale
Hoh g oz oAt Whgelt), oo fat & JAE] A F7HAQI inversion pulseE A&
81 triple inversion recovery sequence’} ¥ A o] E}(Figure 2).

TIZZ 949 2% Fshdsol Holta 294 79 ¥

AN ATAM BE 2oy

Double IR TSE:
Black Blood Image f

Invert alf spiné Deinver{ spins
inimaging stice - -

~+ Triple IR TSE: plus fat
- suppression (ARVD study) -

Fiqure 2.
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(2) A Q7] 29574 AAAZ 71

FAAEAAE A ATAEL B £ S £ Zrlehl Ak o F B
$ ZGA7E @& wro R Uit HH AE 7 (extracellular space) & FAEHA H=H w4
4‘:1376"53—‘?—-‘”494 o] ARG FE 294 FYF Aol AU HE ARG A
A9 stajol ol ofste] MEYFTte] TolABR A7 £FA ] 4AHHY sEIF 57
stAl fth vbAd A EEHE oy thE YUY R8st Afdde AEY sHd T FF
< gloy HA Az HARe oste] AT HART AELF] FIkeHA HH ol
mtt Q719 29A w27t FUFHA Aot wEbA o] F A BF ol 44 Tl relaxation
timeo] ZotA|A = S 4A HY 13 ZEE QA He Aot mEA olF
olgstd ATAEY HIZFHH &4 FHE FAstehs &9 viability' G480l Thsstth 12
U olg3t XAV A2 2957 42 ATHARY B ollg AL, ASFE, ASHS
AEEY, 18 g d3843 T2 3K A228AE 2Y 7 Uth

A7) 2957 AAZ7Eo] 2NHY] A7AE 2957 F 29842 Tl Ax2F8e €
ol olg @ ol AT RS Auste] gk Iy o WHE F& YzdsiE BFET

A5 Aldte] wE gAY bluring 2.2 B &s Hrlzt o= Yok 28y QY| 2FFH
AN 27 o] AANEHEA B Azl =2 T ARG EE H 3] ThesAth & &
HR vpe} o] AAMZ 79 FAAL v Uz sl v 22y of WL inversion
pulseE o] &3O ZRN AN AT AZAEE AY {1l (myocardial nulling) ©]& ©}-&3}
23 445E I3t A "o} (inversion recovery prepared gradient echo 7]%, Figure 3). ©]
Aol A A7 AN A3 E FA88ke inversion timed] d¥o] 4 F&
A= 7P T3 ¥y goh & 294 Y F A2 294 ABEEC] mAY
7+ HHE o] Aol AFF] 2FA Fot e A djof gt #xe] A F ANHA
A AR, ARV, £2EAY & T wet Zolrh Jou tivhe Bele £2FA FAF
10-20 ¥ A= FA3lele= Aol AAsI}. Inversion timed A% FAd = FEHLE 200-300

= H‘
O\I
}‘N
of
>,

ms A GAHE AAdY 4 4L F AI7HE 2-s= W AL oY FH o= dHH Y
SHFAAGELE 29 Tl timed EAHET F U 7IHo] AR Ao AHEHOEHN (4%
‘Look-Locker 44 &£ Inversion time determining sequence 22 MR survey sequence) <%
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' time

C{,(Ia RN e Mo Re No e KO XY

N0

5 MRAE 4749 49 AdstdA BA9) Fmm olud SHEE 714

dojof Stmz 7pg ofef & Hoke] shjolrk o2 $jete] wi$ whE A=)

rir
ofl
o7

~
e
<
of o

A7\ ol gk E Fule) AdAe) NEE A3 (fat saturation), HEEES F7HA)Y)
= (T2 preparation pulse) 59 ©h¥d 7HEo] FUdT A7) 2D §2 3D 7|HoR 7o) &
T AH 2D 7IHE TEAA T 94 Lol G4 AL o Y8R Y e 53
ke T HY tdd EAES 2 7 v 9ol AL 3D WS ARl Ao @
Aol gtk A e oA 2708 navigator echo 71 S o] &3l TELT FXE HWY &
TIA TR 7 A Hol BEFH CTS HlssHA AANY 84S de s 2/iHL
UT FAY BT IS Qe de IS AE, § BT sAde] M A
< T2 delay time2 A3t= Zo| 7MF Fastth webd #dsH e 471 Aol =2
Al G52 7HAE cine 98& 43 B (F2 5 #THY FAed)e) 2] ®le
AQALe SAT Foll AR FBES 7IHE ARk Aol Tk AT EAM M F
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& W g7 3D, respiratory gated, balanced SSFP based GRE technique with parallel
imaging ©]t}
4. NBEANTIY 2 - JISH FEHE

ARG g AR 7% HkE 93 VM 3A A2 FE5H 2AYE Blkske A
F4s F4718 (cardiac cine 7)) A2Y #F5S Hrete A28 7F948718 (myocardial
perfusion 71'H), 22l tHEH T EFZFE s o9 =34 9

encoded cine MR, VENC 7|%) o] gt}

(1) Cardiac Cine 7| ¥

74 VZyo] 22 (Short flip angle) ZAAMlZWHE o] 8-8H Al7F 3178 (temporal resolution)
& F7MA Aol 43 #&3e 5 A8 S B cine@AE o] WiH, old w4
AFZzFoly fut Haloy 97 gl AAA AE$el o438 (abnormal hemodynamics)
g J7tg 5 A HAY old AHEEHE WS 7)7]e met B EA T turbo FLASH (fast low
angle shot), GRASS (fast gradient recalled acquisition in the steady state), SPGR (fast spoiled
gradient echo) 71 5°] 3tk ojdf & F Av AFF71Y A= HEAIZE (repetition time,
TR)# Adatsadd wet AA=A "Ik 28y o] H A & AZF710 3htel phase
encoding stepTrS AA FoH @2 AJzte] ZulA Hry I EE k-space segmentations %
&3t & AAFTIA o) JEdolEE WobA k-space & M oEA FH TFAAY

3k GAF @9 cine A4S 9+ Wil o] AFE-HY) (k-space segmented gradient echo sequence).

8 Cardhac phases

Figure 4. K—-space segmentation imaging2 T
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FHodl= 7]EA AHE-E spoiled AAloli7)¥o] obd balanced SSFP (steady-state free
precession) 7]'H& 71HHeE AALZ 71HE AMES T Y= O o] E o] &3t Az st @
5| S7ksted @de] Fo] AAEHD 53] A £2% 52 AFoE HIE] 93 AZEY

>;4,

o REE FAFERE v F&dtd F2 o] WS ol &st: Uk E£F o] I TTI
o vo ME ASHFEE Bole S5 5A& BolA dkFigure 5).

+ =90l 2o AE Zol= © vy FL317] HEo]
o HZde BHAY  prospective gating”)BI = 28 coronary  CTAMNA S B]S8HA
retrospective gating 7|¥°] =YFHALH olE o]&stH A AL NZE FF357] A3
§7] & S A FAd dAE FEIL, dAYS Fol Auge g 9 gE A
& F710 g 2EHE A7) WEolth. 3 R-R F717F €A &S H

A = T
T AS olE FAWOZ 7F3tn JAHolE A AYdstE 29 ‘arrhythmia rejection’ 7%

A2 $5L WP A% G RN AAE S2IEL S FL8 ok 9HYS F
A 3L
O

q% o}

71"l
= echo sharing’ 7|9 Z=qloln}. ol IAF-ES] FFUHE dHF AFF7I dHFate

k-spaced] FHEoEN FET ¢ Y= GAFIY FE
2 o) A]7]—H ts2 H)ﬂ}jl;(] ok o1} Oﬂﬂ'od}‘l'oﬂi A%

Figure 5. Spoied GRE HAK==)3 SSFP GRE($&)¢ vl
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View Sharing: “InFill" (Phase%)

#Acquired Phases = Phase% x #Reconstructed Phases

Phase% @ 50%- IOO“’

Figure 6. View sharing 7|9 i€ T

EYE PoiM AR FHYE BY = B83A H9 old me Adso] AEE &7
£ 3= HFigure 6).

ojfldl= a3tAe FAE Bo wWE Azt A7) 3 TFE JHECl FHHR e
parallel imaging technique®]'} half-Fourier acquisition 59 7]®o] thE A o|t}. wletr 3z}

STEGHS AR e AEH] 93 2 5 T U weEss AT F AT §
‘:530] Hasith FHIde olgd FEYA7IE S o8t AAE Fx flo] AAUNLE FAS
H 433} real time imaging”}®¥ o] 7Fs8 Aok

*+ myocardial tagging: A2¢ 4RE v]gl ELFFAIF
Moz AdHY AR 58 FHY & Jorng uf¢ 83 Wiolt) of WHE ALE-3)
W short-axis FAoAe} o] A9 FAog Aol A B ol FHA|d FAo LA
o= FojR+= &% (torsion, wringing) 2 long-axis W& & 52 EF H71E 4+ U4
MR tagE2 heart®] T1 relaxationd wel A3ZAE7} 2422 o ==2Alult} tagging pulse
g Fofof 3t} |

i,

N

(presaturation) cine 9G4S 9= W

(i

(2) Myocardiac perfusion 7]

Az ¢ ATAFIA (first-pass myocardial perfusion image): ZHFAE bolus®E FYFHF
dAo] AE = AT v e S22 FARAY IS ASHOR deo2A A
2o ZIAY 13 FAHIHE BFete WHOE SPEY] e ATFAE €49 AFI A

.J

-
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Velocity-encoded cine(VENC) 7182 o]-&3tt} o] 7|92 A9 phase contrast B4 7|
Z19ksk Wl old HAE FERIIEE ol &5t cine G4E A HH AAF7IA wE EF
7o Hste SA5A He it T W 94S A Hed Asdds g7l wE phase
(motion compensated), ©]% phase changeE AAME 4 v I4
(velocity-sensitized)& GA Btk BFH SEE F 94& T (subtraction)FL2H Lot
A& dFo AALE s Al FES (encoding velocity) & AA3HA AAste Ao &
THolt}. o]lE UE A XAsA HE 9 alasing ©] FASA HH ol& UF =A FHod
A7t volAth, dizf g A7) el 25 phase oo e ¢

A Qo FHALFE UF A=A g Fol o EF HFo W wHom
3

A2 Folokdt AW Z40] 7Pk

lo
e
Le)
N
5Q
rir
oft
o3
o
ne.
k]
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