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o] &Rl

4e 95 T ot FHel 98 (4, 5). BELEE Y=
7t MDCT Y Anglography ET @@ ZAAl A7ke] 21 A
A Hlge] mrleke Aol (6). £ w=RdMe MRIE <€
g AdazdAe] Jlye datd ngdd Br|E §5 (Table 1),
2 &
1 A% MR ZA1e Z1E 27
A9 gl Frt He ade 47 2%, 2F A
F 0 €% 5o AP artifactst AF 229 23] =
2 ¢ 32 Als o FFul 3ol Ao (6). 4F £ 9
& #3 Ase g A8 AE94E2Y(fast imaging
sequence) & o8t AF 59 B4 #4(phase) oA
7 Fids 9= HAE7(cardiac gating) WS ol&3n 3

(7, 8). o]l oz 43 &% d% FE(artifact) =
dEE AARY Ak Alzke] 2AAA o S5 P A
79 AA HEE BAlsr] AT Yoz 29 A3 &
A st 255 TAT deloly 2R, a8y FES A
38 Z53A B3nz gdo] &1 Esins @il dn
(@. m=tA 15 29 A stue] gERs Axsts del
olgHm fed o] At 2F FA AHAME F ddd] &
2749 29 AlZbE 2R T Yo ndd FUE 9E T
ot 2 o= FEY BY HZE 2 FY FA A
gelldl ZdskAl go=H TFF7|(respiraory gating) §
st HEel glou 9 Azte] Zots B4e] glm £

8 AFe1e Zol A2 EE 29 AE bE ZAAA
4ot (10), E=F sFe] d& FFGS oles T <%
gojetas Bydosy 5% FAY 3F 4% gl ndd
9 F4E 9t 47z EnEn it (11, 12). MRIY A%
ZEE 712 299 34 (voxel) o £33 @47 Q=d

Table 1. Cardiac MEI Protocol

A7e 9 T 9= 479 £3<] Tn 43
ARz 42lz A=} ety o] Fe g
A BH AE AEE FoA T2 Je
=9 Zavt 2 Ed. o]HF TAAS SE] 9
Z7] (surface coil) € o434 HH A28 L35

2570 (coll) B HAF 47 7lrtole] AAADezH A
3 AEE FMAA Ha &2 Y=Y d4S 95 F U
o (13).

MRIE o8& 439 Aie 239 F¢ (Morphology), 4
A7 % (Ventricular function), AZ%%F (Myocardial
perfusion), 4 2 Ab(Myocardial metabolism), #3594
(Coronary artery imaging) 5§ o= 90 (14) (¥
AA] AE MEIY Z1FF 449 219 2 2Este BakA
3 ofate] meb M 02 T2 EF(protocol) & 27
Hu 2 =fedMe Axsl 289 71#E JgeE dEadl
o) olEd g MRI & A% A AA=E 18-20 A¢lA
9 Fneedle) 2 ol&3td 7153 +1FA4 (right antecubital
veir) ol ARNZERA(inraverous ling)S FEIE Aol FL&
H ol 2949 LAFAbolus injection) ¥ EIHE F9
AT #AF G4 F42 T 8] Agelnt, & vATHA
& #3479 (right brachiocephalic vein)g 3t +4
9 (right atrium) o8 H-= AR AT HHE 2dR A=A left
upper extremity vein)< FA4EFA= (left brachiccephalic
vein) o d@e¢] Hed nHA ke ngds rlAs @A
A g FARE 4EFEH (brachiocephalic artery) 3 F
F Abelel M 43 (squeezing) He A7t 718 RS o
A4 drFAe 2ie AAHA "R Eg nfi3 g oF
# A (2~3 Lmin) € F#88 T8 A4 F 2F AA A
Bapel EHge] fAaHT 538 47 o] = #;NELS
TFEF (dyspnea)§ FHlste A¢rt BoRE 4ta9] #

o
o
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Fvaluation farget FPerformances
Preparation 18- 200G needling into right antecubital vein
Oxygen supply via mask (2 - 3 Limin)
Morphology Triple inversion recovery fast spin echo sequence at short azis and 4 chamber views
Double inversion recovery fast spin echo sequence at short axisand 4 chamber views
Myocardial perfusion Adenosine infusion (140 ng/kg/min] for 6 minutes

Bolusinjection of 0.1 mmolfkg gadolinium contrast medium at the rate of 4 - 5 mlfzec
Eepeated multislice short azisimage by fast gradient echo sequence

Break for 10 - 15 min or until normalized heart rate

Bolusinjection of 0.1 mmolfkg gadolinium contrast medium at the rate of 4 - 5 mlfsec
Repeated multislice short azisimage by fast gradient echo sequence

Yentricular function

Fast phase contrast sequence (2D FIEST A) cine imaging at short axis and 4 chamber views
Dobutamine injection (5 pgfkg/min - 20 pg/kg/min|
Fast phase contrast sequence [2D FIESTA) cine imaging at short axis and 4 chamber views

optional
optional

Delayed perfusion

fast inversion recovery sequence at short axis view
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Fol e 2& FIANA F Sl

- Age] G E 4] morphological evaluation)
sl % 7]—5L u}gjr 7Lg /K]X]— OE ig
e AlgstAl ok ol At
(imaging plane) & —zri 4 chamber view, short axis view,
2 chamber view & @7 "} ole|eh WS 7] el
AA Y227 (localization) & AN ZH2~Y (gradient echo
sequence) & ol&sto] FW (axial), AT (sagittal), T
H(coronal) 942 Gttt FHGGAA FAA HE9
B3 (mitral valve)?] FHE A2 M 5 AAFHd H
et A& w} 2 chamber view & S=th o] 4$ 244
A S Aol B o] gadllA HAdd A
Hof R FAL e M W 4 chamber view
AL t}S 4 chamber view oA AAF A F2d A
e}

ol}

|

O’

= ot o

)
Fu4 Al glold WA Yol i 3 3 Ay
(T

32 Flsty] st T2Hx2ddad~d
spin echo sequence) ¥ At G&9E B

2 - weighted
off TF AA T

N ANEID

o @4 d50] e AFTAHIEE2E (triple inversion
recovery fast spin echo sequence) & ©]&43H} o] A
41819 (myocardial ischemia) ©J\ A9 (myocarditis) ¢
o A ASFSE AT F vk A3 el @
N AT A (Signal loss)®Z YEUH (black blood
techmque) AR e TS EE Blvh Eg Ao

v dAlHo] A% (sointensity) & 2.31th (Figure 1d).

101"1 T17zx28 2 2E(T1 weighted spin echo
sequence) % AN o] FH g HA S ARG TH2E (double
inversion recovery fast spin echo sequence)< ©]&3}o]
e g5t o] A4 JA SEF7IW (black blood
technique) 224 BFc Ma24E 20 AW Ase 7

SHA el A so] A9 (epicardial) ¥ 41'¢ (pericardial)

2ol AdatA #gErt 53] o] 29 A¢ A
A A3 H & (fibrofatty mfﬂtrauon) S Holg v
A o

|
(chronic myocarditis) °ly FA U4 Aol YA F
(arrhythmogenic right ventricular dysplasia, ARVD K
ol F83ich ASHS (cardiomyopathy), A9, HEE
% Fo A9 29FFANE T 4 Aok o B9 VAP

N
o

Fig. 1. Imaging plane set up. On an
axial image (a), a scanning plane
can be drawn between apicoante-
rior and inferobasal aspects of left
ventricular wall parallel to inter-
ventricular septum. The scanning
plane can generate 2 chamber
view. On a 2 chamber view (b},
pseudo 4 chamber view can be ac-
quired along the plane between
left ventricular apex and center of
mitral valve. A perpendicular s-
canning plane to interventricular
septum in a pseudo 4 chamber
view (c}, a short axis image (d) can
be acquired.



olF=

(single dose) o ZAAE A3 Hd FAL & EUg B
2dE o]gst GAE IA " (Figure 2).

A 27 A Hmyocardial perfusion scan)
A Aol diHE dve dEHE A AT 29
e ]

o)
Joma HIRRANE BT o] B9 A%7A

A
R
AP (Fast gradient echo sequence)< ©]§38ko] 414

AAE 2gete e dHRFHA (multislice short axis
| =Y oF 40% Hx 23
UAIFALE 8tA =™ &FE 0.1

ﬂa
Jjz
>
lo*
feis
2,
Y

=5
g3 | Atk 294 F9 52 ¥
Gl d5& AFste] ¥l29 5771 (non - enhanced phase)
5295 747] (arterial enhancement phase) & 714
W 29377] (venous enhancement phase) 7t 4S o

Fig. 2. A short axis double inver-
sion recovery image along the mid
ventricular level (@) shows signal
void in cardiac chambers and hy-
perintense fatty structure indicat-
ing T1-weighted effect. A fat-sup-
pressed short axis double inver-
sion recovery image after gadolini-
um contrast media infusion (b)
shows decreased fat signal and en-
| hanced endocardium.

Fig. 3. Myocardial perfusion can be
evaluated using repetitive fast gra-
dient echo imaging during the first
pass of contrast media. Initially
right ventricle is enhanced (a),
subsequently left ventricular (b)
and myocardial (c) enhancement
follows. In this phase, myocardial
enhancement defect implies perfu-
| sion defect (arrows in d).



LY Aols st ’\] F”’ﬁ s ”942 o A<
sl stepet 4 ook olE s W) a-8d#e A (short
acting vasodilator)Ql Adenosines T=® AM&at} 140 p
g/kg/min ¢ 8% 6% Ax AUFAL A HH ojwf A9}

e dAs] F7HEA "t Bed Reks dAs] st
o] A7 FH-E9 7 (chest discomfor) W &5 -7
ANEE Y Rs 0}1’ O]“ ’\] A e FYS Tud

gl
AHFAE }Eﬂ‘?ﬂ i—ﬂl ’EIEL?%% ZW%
e QA F ol F oF 10 ~ 158 Ak FAE shA

Aabefyl Ao 7 3B Ey oA AR /‘}(restmg
myocardial perfusion scan)& 623 FAHE o] gt A

A

/

7

[¢}

FIESTA sequence® ©]4
views W 7 aieh 552 o

At} (Figure 3).

4. N7 s A ventricular function test) B A4

1+ Hdelayed myocardial perfusion test)

A 715A Hks Yste] 9stdde A4S 9l o
G $dv) 28 24 (phase contrast sequence) 2] ¥E<! 2D

gt} Short axis®t 4 chamber
2w BEgs dolA

W25 (single slice acquisition) & -’F—'n A A3 TF

Z]

> 4 %ﬂ

JA 2 BE 4S9 veAH g5 (multislice acquisition)

7Fs8ktt.

2

]Ejyﬂ 0401;(] Oli}(ﬂ/\]—% XJHX]QE },ﬂxji ]0%

O
5 °

% (regional wall motion abnormality) & 1%
Gtk gk AR AHEA 2 o] Al (image processing

Left Ventricle
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Figuen 3 L Frgure 4

b c

Fig. 4. Ventricular function can be evaluated using cine MRI. ECG-gated fast gradient echo sequence is acquired along
the short axis. In cine loop display, global and regional ventricular wall motion can be checked qualitatively. After en-
docardial and epicardial segmentation at end-systolic (a) and end-diastolic (b) phases, quantification is possible by
temporal phases. Based on this measurement, quantitative data of ventricular function such as end-diastolic volume,
end-systolic volume, stroke volume, cardiac output, myocardial muscle mass, ventricular filling rate, and so on can be

calculated (c).



& 7hsstt ] A5 ’EVEH’ At Aejek A
(segmentation) 8te] 7} -9 43 HIE 574
718747144 (end - diastolic volume), Z7]9%7]4-4 (end -

A3 ¥ E2E (stroke volume), AHEH
(cardiac output), #F=A% (ejection fraction), HNZAH
(myocardial muscle mass) ¢ A4 7le #7} ARES
ZAo] 7hEslth mek TR
motion & thickening) & 57 (polar map) FEIZ
xAE 7hesirh o g Fate AR 7%l
3 x84 FRE oé% T Atk (Figure 4).

Aot e 7] Aol AR RE pulse) & ©]&-3t A
ol gk AR Boke AES A XS (presaturation) Al7E
e de A7t sled ol ATEAZY (myocardial
tagging technique) ©J2taL Fc}, o] 75 Aol kA &
E7 AAHEE ’“e TF 8 9o mE 7} #xo o
BgH AYE 54 dn zt
(contractility) ¢} 7145 (strain) &

(16). olglg gk 4&
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2 Dobutamine®]® 5 pg/kg/min 8 A &3] 20 pg/kg/min
U}X] Sugd FHetA dgdds d=t F 38 AR A
FAb & GFE A oA TS

systolic volume),

£ 2 BT (regional wall
staf

=~

= A%
BH A0

g B 3

l-l:l

1

_l

)

o
o BH my r—{m
> fo

o
o

T Jo lo

O

=Oé

>
o I
o AL
"o g

>

ry

o

By

~

£

Rl e
32
i
=

i

L

Wz

Loy oo ™
i—lé@m
of Mz S Jo % i o

i
rlr

<
2.
jakad
o

Sl
or 3 to

>,

Og(:ﬂ‘

o

o,
o

r_ﬁ oY
C Ay do >

=

©

A
a5l dofof ofsl AALIAEE T E 4
& AAsolor Bk A0 47 U3t Sael E

Y

i
—|—' O_m

ko

¢ ooh

_ﬂ

T

o At FEE o)F SA Adzdsddd
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& AR AE Aol AZdFHA - 10 ~ 158 F
of AdatA "t = e 294 FU2 TR %!

o
R EREEROE SLE ECDBIESEE

o=

inversion recovery technique, f-GRIR prep)< o|&at7 &
th A ol T d9leg A #art Fdse] w9 4
o] F#ol FrtEe] 9l AT 2AA TlEdlEdde
(Gadolinium compound) o] H#9FZ (extravasation) ¥ F
Adoz WEZsHA 5dla ML AF3t (extracellular fluid

space) el %3 (trapping) HEE A @G delx] ajd A
Z gdde AAor aAFALE A8 dr) wela A
=7 A (myocardial infarction) H9& A&s] & 5 YA 2
B ootye Aagoly WA S (hypertrophic
cardiomyopathy) 9 Aol A9 F£4 ¥y T= 33
g 08 £ oA 9k (19) (Figure 5).

5 7IEb HAF

Aol delE V153 Bk 2va U A
(valve) ¥} tid¥(great vessel) W¥e FHS
24 4R/ 7HE d® ko A olAd Yt
F2~9 (2D cine phase contrast sequence) & ©]§3h4]
717 =97} (magnitude image) % %597 (velocity image)
9 F 7 e 28 F dth £RYFY e 7
st o] HaERs vt At *“:i}o]g Ao
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=4 ool FEX T8 (velocity encoding, Venc)olt}. €9
2 483 Venc AE 7|Fo=E HEFAE9 ﬂ*ﬂl(gray
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(pu]monary tmnk) A& 100 ~ 150 misecE HA.
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Fig. 5. Delayed enhancement imaging in 10 - 15 minutes
can reflect the integrity of microvascular wall. In reper-
fused myocardial infarction or fibrotic scar, accumulat-
ed contrast media within extravascular space can show
delayed enhancement due to decreased wash-out to ve-
nous system. Chronic subendocardial non-transmural
infarction is noted in inferior wall of left ventricle.
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Cardiac MRI
Jongmin Lee, M.D., Ph.D.
Eymngpook National University Hospital Department of Diagnostic Radiology

The obstacles for cardiac imaging are motion artifacts due to cardiac motion, respiration, and blood
flow, and low signal due to small tissue volume of heart. To overcome these obstacles, fast imaging tech-
nique with ECG gating is utilized. Cardiac exam using MRI comprises of morphology, ventricular func-
tion, myocardial perfusion, metabolism, and coronary artery morphology. During cardiac morphology e-
valuation, double and triple inversion recovery techniques are used to depict myocar dial fluidity and soft
tissue structure such as fat tissue, respectively. By checking the first-pass enhancement of myocardium
using contrast-enhanced fast gradient echo technique, myocardial blood flow can be evaluated. In addi-
tion, delayed imaging in 10 - 15 minutes can inform myocardial destruction such as chronic myocardial
infarction. Ventricular function including regional and global wall motion can be checked by fast gradient
echo cine imaging in quantitative way. MRI is acknowledged to be practical for integrated cardiac evalua-
tion technique except coronary angiography. Especially delay imaging is the greatest merit of MRI in my-
ocardial viability evaluation.

Index words : Magnetic resonance imaging (MRI)
Heart
Myocardial infarction
Ventricular function
Myocardial perfusion
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