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Cardiac magnetic resonance imaging (CMR) has undergone rapid evolution over the last few years. Significant
advances in pulse sequence design, scanner hardware, and coil technology have resulted in progressive expan-
sion of the clinical applications of CMR. Some of these have already been applied in daily clinical use, based on
in vitro and in vivo validation. CMR is now recognized as the reference standard for the assessment of regional
and global systolic function, hemodynamics of congenital heart disease, detection of myocardial infarction and
viability, and the evaluation of pericardial disease and cardiac masses. When using CMR, pediatric cardiologists
must understand six key features:
1) The non-invasive modality without exposure to harmful ionizing radiation.
2) Precise volumetric and functional analysis without restrictions related to acoustic windows, scar tissue, and
other postoperative changes.
3) Ability to measure flow volume for almost all blood vessels.
4) Ability to display cardiovascular anatomy in three-dimensional projections without contrast medium.
5) Ability to assess myocardial tissue characterization.
6) Disadvantages including lack of portability, implanted magnetic material, and time and labor consuming
(with high skill requirements).
In this review we described the key technical and practical aspects of CMR and highlighted some important
considerations for pediatric patients.
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Short - axis slices

End diastole

End systole

Fig. 1 Sample images of endocardial contours
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Axial slices
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Fig. 2 Comparison between cardiac magnetic resonance and ventriculogram in end-diastole ventricular

volume

CMR: cardiac magnetic resonance; LV: left ventricle; RV: right ventricle.
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The position and angle of the imaging
plane for through-plane PC-MRI

Magnitude image

Fig. 3 Flow measurement

PC-MRI: phase contrast-magnetic resonance imaging.
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Fig. 4 Analysis of flow volume

AR: aortic regurgitation.

H5. Fiz, HEANTIE AAo=MPA L3139 TH
D, HRRICISHT 2R B OZEEDIEL < FHIT
FHEMHGEL THL T EDNLE X L. PCIETIEEIR
ROIMREFHTRETH 5. WH IEMEICHRE Tl
KEIRIE A DIMR/ S 2 — > Z2mRm L, FN 50K
Fl (SVC+IVO) 3 ¥ >~ b DIRWIERITIE AAo I
e — 3 % (Fig. 5). Fontan iR Tl BT

IR & KEIROFBFIMN B L IR T &b S AR i
WAMISICIFAET 5 T EAVHI L7 ¥ %72, Volume

BRNRBRSBFSME £32F F45

Time (msec) ‘

data & DEEGMEMGET % T & TX D EMERFHUN
A[RET, BEEMYROEREAREL G 5. HIZ L=
R RS IR S WIS, KBk AR
R E —E L T\ 5139 T, Flow measurement T
KD 1.0 D KERIMGE L, Cine 705 volumetry
TR 7z Stroke volume (EDV-ESV) & —#3 % 1
T TH2. MITHICOMIERYIRD D 555, K
e 1L 355 72 Bl Bl A il 35 b R R AR+ KR & beig U
TIELWZ Lz L THITIE, Volumetry /5K
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Fig. 5 Routine flow measurement planes

Ao :Ascending aorta

MPA :Main pulmonray artery
SVC :Superior vena cava

IVC :Inferior vena cava
RPA:Right pulmonary artery
LPA :Left pulmonary artery
MV :Mitral valve

TV :Tricuspid valve

RPV :Right pulmonary vein
10 LPV :Left pulmonary vein

©CRENOU A ®WNE

® In the case of a normal person:
1=2=7=8=3+4=5+6=9+10

® V/SD patient:
1=3+4=8=Qs5,2=5+6=9+10=7=Qp
® ASD patient:
1=3+4=7=Qs5,2=5+6=9+10=8=Qp
® PDA patient:
1=5+6=9+10=7=Qp,2=3+4=8=Qs

Qs: systemic blood flow volume; Qp: pulmonary blood flow volume.

ccept 71/

2) Then, we gate and subsequently
correction of diaphragmatic motion
during free breathing.

Fig. 6 Navigator-gated free breathing MRCA

MRCA: magnetic resonance coronary angiogram.

7z Stroke volume & KENRMFDAD, (HIBFFYLH
DE LS. CMR OE IS & 5 MR HHEEIO
TIO—XDIEETH oI E N, Fl#EISZ MK
T BREEMEREN TS Y. TDX ST Flow
measurement & Volumetry Z A & D THGEES %
C & CIEMEZR DRERE M TBIRERHM AN ekt 97 % .

1) A navigator was
placed at the dome
of the right
hemidiaphragm.

®3FER: MRA

MRA & MR angiography D I§ T, % D% D i
MRI CTIEZ T 2E 70 Fa—VTH%. ﬁ
NG ERRTHI C i & [BE D 2 W BRI D Wi 2
RARDHWE UTHEMFEFH AT, MR
o> F A RDIEFHICENTED, HEHk MRA
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Non-contrast MRCA

Contrast-enhanced
coronary CTA

Fig. 7 Non-contrast MRCA and contrast-enhanced

coronary CTA

MRCA: magnetic resonance coronary angiography;
CTA: computed tomography angiography.

(MRCA) TlddEAl 7z Ls < TH iz 1= <t
54, WE)kZzIARICHiIH T 2 2 EDHHETH .
MRCA D, 2003 4RI BT & 17z LRl
LW MRI RN TH 5, MR TEZEL T
HHETELHEEERBEIEEZESN TV S, DI CT &
D EREE (IFIFHREL) TH O, FHERHED S
FHRAIRALIC & B 5027 5203 I ik & s SR
Ut BiR NG 2 5 HIRTRE T d 5. MRCA 3DK CT
A D K 5 IR AT (EVREET, E@lc P U 72 KRR
(free breath) T, HEFRBFEA® K CLEXMEZ
HUTHE T2 (Fig. 6). ZDizsh, MRkl
THRHOREHEESICE > T IIBNAEAICTES
DI THS. Fig. 71 32O 70 b a— )L THEL
TeNEEIIR (Feili Rk T . segment 7 ICHA
BRESETFNRS LN, FREPAENEDN. [H—
JEBIDIER CTA W TR TH 5. EMDREEICE S S
EBRER CT Tld & O HABICIEAIKIE TS — 7 OF
RE T EN, FFNLICEREIENMAET 22 &N
MREI N, TOXS AR T b a—)LTiEIEEIC
T, 2z 2 L)V OEBIRIZRED EHIPTRE T H
5. JEER MRA IC X 2 dBIAREAE ORGP AId 3
KZ70%, BEMEMHERIZ 6% LIKFETA ) —=
VAR UTBRNREN TS .

S R O EEEIE Tl e BRI AS A A = H N & 7
5T ki L5, KRIELOAREEDERICA T
Oa—)LhHAWVWENS. MRV EEINRI D551
MRCA T7%<, Whole heart MRA (WHMRA) L%
T2 EHBV. RO L S MRET % 728, $#
WO ETR/NETE free breath DIRBE THRGEHIHET

ARNRBERSBSFRIME £32F F45

Fig. 8 VR image of arch repair case with DKS
anastomosis

VR: volume rendering; DKS: Damus-Kaye-Stansel.

Coronal plane of WHMRA 3D VR image

Fig. 9 Thrombus in the extra-cardiac conduit

WHMRA: whole heart magnetic resonance angiog-
raphy; VR: volume rendering.

HO, MERCRENR - KElROEREmIC ISR 2 7%
K172 FEHd %, Fig. 8 l& TCPC flifk, #HMRNSER]
@ VR (Volume rendering) f&72A%, AL, Mg
Wik, Ffisfik, DKS W& KBRS £ THHBICHIHI X
NTW%. F£iz, EREOHATHE S NTINE OREHE
RGO E ATRETH S (Fig. 9). RO/ W
ARSI TR 2R D RRE DR b iR BIIR DI RERE
xR T, EHBXTETHNAS UTFMTE
BLN)VTHB. FER>EIRE, modified BT
shunt 7% EFUEN R E L, 2FATE EX 5N
TV AR flow void IC & % artifacts WA E L 72D
KfE=E%%. MRS MHINFTGETH 50, Miakkid
EDRHTE HAEEDTENH % 728 flow void I
K % artifacts DK E < 7% 0 IEIEF T O HI I R 7
T EMBV. ZFOHEILIERAIZH Wz contrast 3D
MRA Tz b H 5 (Rib).

@ T2WBB (T2 Weighed Black Blood)
C D71 b a—)VIdiidd Spin echo ¥ —7
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37 M Myocarditis
T2WBB LGE

Fig. 10 T2-weighted black blood

AZHWTREE NS, MRDESZE0(E) L35
B TH 5. T2 G TOLMNEE SO
VIR KT B L EZSNTHED, AMEImPIAEE
ZALICES IR & TN, Fig. 10 130 2 E—JEH]
D T2 WG L RIS RO TH S, DR T
FOFHED BWEIAMEENE T EHE L0, K
ST ATEE D S [BE D DAVERNC T2 S{EE 2R
%. LGEREE M Ict —B L TH D, REBLTZ
flA& L T3 T EAEMT 5N 5.

® T1IWBB (T1 Weighed Black Blood)

CHURDIEI A 2t 5 70 b a—LTH
%. ARVC (Arrhythmogenic right ventricular cardio-
myopathy : NERE A ZOE) DOAIEIZENE
S OMERF T 2 HRY & U TRz 9 5. 2010 FER D
ARVC revised Task Force Criteria®’ Tl&, Wikttt
D—D& LTD CMR BERAE N, WERDIENZE
PERR I RERENZ <, HEBEEIRE B X UAHE -
HaRED ALY Lix>Tz. LhL, coTuabha—)b
IC & B HEE X TERLHDOIRIHZMER T IE ARVC

W RN OZIRE L TE AT, BEICE iR
7 CEBOTHMMEX Y (Fig. 1D.

® Perfusion

SSFP ¥ —7r > A Lt Bl 7 A8 FH U CO0 i i i AT-A
ZIrH5 70 ba—)VTHB. WHETT /UK
BT CORRE (Stress) & LZEFOHER (Rest)
LT, BMOEEZHET 5. BN
Stress |~ C defect & L CHitHE N2 (Fig. 12). #HHE
MEMRHI, 3D 7 —27 A7 — a vz AVE&N
B OFHE N EETH 5. LY v F L AE D,
FNLLLEOKETHD, T A MIK 1/3 TRIMDHEE
WAREL SN % 2. RILDAZT TV ¥ ATIEENE
RN 98% ThH-e L ENB . O BRAT
1 - WERB A7 S IV 5Nn 5. CHD %

Fat suppressed T1- weighted MR image

T1-weighted MR image

Fig. 11 T1-weighted black blood

MR: magnetic resonance.

A. Stress B. Rest
Fig. 12 Short axis first pass perfusion magnetic

resonance image

JNIBHETOMEEH D 7, O VF 55T ¢ LI

U CHIEN L <, ZEMNRENEWVRTERE TN
2 48—51)'

@3&% 3D MRA

ARV =T LS Z IR G LA 5 Spoiled
gradient echo pulse > —7 Y AZ VTR § 5. it
sorl7e 0 3 &R & I PRAHRRD 3 > b 5 A B AR
L, FEXTRIXESLRONETH-TmnDIk
F5RWVERN (modified BT shunt **ffiEfc7a L) &
B E N5 (Fig. 13)2%). Fo7e, Zefi/fiRne
TN E < OO T/NROTEBIRS O 3 #E L
V. ZEEI AR BB EHRGICIFRIA YA D, HIN
&I BHNNELAIDOWEZLECTLES.

@EIEER, (late gadolinium enhancement: LGE)

AL 1 Spoiled gradient echo ¥ —7 ¥ X% ]
W, ARV =D LERAIRG1% 5~15 77 DRI
FINANDIEEAID T —1) > 7 & Ei§bd 571 ha—
WTH5B. EHEZOLHTEARY =T LZmEND
52 HIIN AR — AT T 2 728, 550
% EIZE AL THRARERIZ R L Tk (BLE
%). UH USWEBIZER RIE TRl I E N % LAl
JANAR=ZHMEI L G, D OMNADA R
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) = KO U 5~15 3 FEEEOR T1 FERIFRERT
RS S (<5 %). LI > TIERE.OHHHREE
SUMEHSEED RIS T Y bS5 A RAVED, JRED
HHHE NS, £7z, FRAELHRR T IO
collagen ICIEIAL TH O, FERALICA BV =D LM
9570, FRICIERMIEDaY M I A 2EL
% %Y. JREL R DR & LGE FTRICIZE DT
SRVHE O H B T MR TN TVS 20, itk
DRI, DRER O R A ERBE T LIRS 7% LGE

Fig. 13 Contrast enhanced three-dimensional
magnetic resonance angiography
A: Three-dimensional (3D) contrast-enhanced
MRA of post subclavian flap operation. Red
arrow: restenosis of aortic arch; orange arrow:
aneurysm by recoarctation jet. B: 3D contrast-en-
hanced MRA of a patient with chronic throm-
boembolic pulmonary hypertension. Showing
stenosis of the upper branch of right pulmonary
artery. MRA: magnetic resonance angiography.

Fig. 14 Pattern of late gadolinium enhancement

pattern Z2 L (Fig. 14), FEDEHIC DO THH
TH3 61). E DCMGZ)’ HCMS 64)’ FrfEsE 65) <
BPHBARRFTHZ T EAHIHL TV S.

NRICEBEWTE LGE B i RALICERD 5N D
TENZN P ZOHT LGE DEFEERREIR L
FRREEE L BT 2 L OWMENDH B D, G LAy
EVSIEEHB Y, DEBITEH D RERAD
ISR R KOS B K CBIESR OB E L
EZHN5.

NERDBETDIER

E—vary7—FT777 McBELTIE, FEEIELED
7L EDORTHNZE, EHIZTHSDIERICHKST
e cEME LSRN ENZ L. LHL,
PRI, FOEE AT BT R A g
WL %%, 6 MHAAMOARTHNITERAEZDOH
RIFIRCHATREL N3 7Y, KL, BROICHERT
BIDAF v NCRIGHREL . R DT
BEHE—DDFTH S P A, KK X U3 X
Z 2 ATRER IR O [5G 2 R EN D 5. HANIRY
2« HA/NRRRE A2 - HA/NRBGHR? 20O TMRI
MAERE DS T 2 HEE S ™ IR
HZOTHBIRCEINED. SEHFNC X 2 HEEE-
DEAEET, BT — LA TIAEE DD TRERN
O TH BN, RERIE - R THR B ek
REHEIDRNE L B 128, ZRIER VST — « 577]
ERELT 5.

B. d-HCM (Myotonic Dystrophy)

DCM: dilated cardiomyopathy; HCM: hypertrophic cardiomyopathy; d-HCM: dilated phase hypertrophic cardiomyopathy.
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ZEHENDEE

DI R 59" MRI M2 D IS 1 HHAR 0D P&k as
DFERAV ) == T L THLREN DS 7. f§
JEDE N Tz < MLARIEBEBAR OFTENE > E D Uk
WEHIEH 5 U MG 217> TH L &L
.

ARV LERAIBMEE 2558005, LE
MR, BB ST F T 4 SF—FTELS
%7 LIVFE—RISICTEEDRE T 580 i
FIERICDOWT O L FAEZEmTHIRNETH
5.

F e EHERAIHE L LTRSS MHRHEE (nephro-
genic systemic fibrosis: NSF) DTN T 5. it
TTETIRREN R <, B s i - 2 A% - ;Y
£ - EAEHT « NIRO LN L 2 R & 3 2 IRE T
HB. RERAJERE (GFR) A 30mL/min/1.73m* &
OB ELZE T 25BICAELS. oy X7
T 7 02— & LTI BBAGS RO OHE, RIERT
REER EMBEFENTVS . NSFIZEbhoHTE
NIRRT, MMUEIHRAXID ETBIADATNEEINT
W3 RIS T I EBRED R T H B
ICE DD 5T NSF OFRIENDE N8, mHED
ARV =0 LA T 20 H 20, wEin
IRICE EDHBRETHAH. T UL T It
IS BSBE DRI AT H . BHEGEREND 5
BERIC X 20, Atk L fartr X < ZET %2
EHH 5. Ut Tl eGFR < 30mL/min/1.73 m? 13%%
=, 40mL/min/1.73m* L b (& JFHI @] G, 30-40mL/
min/1.73m* XSS CTERZITI HELH N

JFEANZ AT H 5.
EHICERHTIHEEAZET S L E LTI, HiER
DAV THITZ S 12, B IC & B R 5 2 5
ZiOHOF#EEER LTSRS R0, Yk
TR ERE L7z ETAy RARVERESLTL
%. File, RROHBLESRLEETHS. AYHRTRE
REDHET L & IR - SERIRICEL BNHA D
2 85).

MRI DLW ZFE DT A L ENHEATY
ZOTHICE N

KIRD CHD DI & f#th

CHD Digic B\ liRb EHE A 0 b a—)bi
Cine, Flow, WHMRA (\WI Nt IEER) THD. T
NS ZA GO TIEZE, OGRS TEIREFT 2
k69 5. ¥ 3DMRA % LGE ZhNZ % & X 0 FEl
EAMEATRE T H . ki T DR /1% Fig. 151
RUTeEBD T, YIDTRHIET 2EHIEI K2 1 R
SETCHRES 9 5. AIREZRIR D i & [RIRFEES T Cli{% 2 fif
WL, fEICA—BD a0, FRICRFE LRV EH R
WA, BN E IR WIRGEET .

Figs. 16~18 ICHERIZHERd 5. AFMOEIERM
EHENL & LY CMR Z RIS NIz S ER AN TH
L. F7/—EHY Sp0, & 76%, WALz HERIC
Revine 4/V1 O FABK e & 2 TEEL U /2.

%3 WHMRA 35 X U Cine MR T2 44 7% RS
% (Fig. 16). Fig. 16A & Axial plane % {7 5 S{]
IKAiNFzE D TH %, IVC HBMEERA %2 EFT LARLD
FBCIETR CLBENIEND, fAiEE Ao IcHER L,

Full Study: One-Stop Shop

No contrast

No radiation
=gt
Whole HEART MRA Wall motion Flow analysis 4DMRA or Perfusion LGE
(15min) (10min) (15-30min) (5-10min) (Stress—Rest)  (10min)

Analysis as simlutaneous as possible

1. Whole heart MRA =
2. Flow analysis -
3. Cine MR -

3D reconstruction
Hemodynamics (1%t validation)
Ventricular function

(Volume analysis, 2"d validation)

4. Determine hemodynamics and check up in detail

Fig. 15 Cardiac magnetic resonance process of congenital heart disease
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Fig. 16 Case presentation: Cardiovascular morphologic assessment {S.L.L.} cTGA PS VSD
A: WHMRA serial axial planes. B: Short axis plane of cine MR. C: Four chamber slab-MIP image. D: Three-dimensional
VR image of MRA. cTGA: corrected transposition of great arteries; PS: pulmonary stenosis; VSD: ventricular septum
defect; WHMRA: whole heart magnetic resonance angiography.

Fig. 17 Contrast-enhanced three-dimensional magnetic resonance angiography and late gadolinium

enhancement

A: VSD. B: Pulmonary vein, normal return. C: Pulmonary stenosis. D,E: Late gadolinium enhancement.

ZTHSMBRDEBL TS, FEMOLEDNS
EKERDEB LTS, SVCIE 1 A THBEICRR
LTW3Z 5. DEIEARNZERE (Fig 16C,
D) ®E=EAAEME, FiEm (Fig. 16B) H 54l
WEZ, FAINGELHETE, BEZKHE LTI’

ARNRBERSBSFRIME £32F F45

{SLL} cTGA VSD PS, SVC i3 1 A& CHAFRMFT
THTENOND. MRS I N TEAOREICER
LTHEH, VSD & Tric kKEW (Fig. 16C, D). Fig.
17A-C 133&5% 3D MRA TH % H, EREERD K O IH
BICFH5N%. ASD EPRAHKRTE->Z D LA
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Flow analysis

Segment Flow volume Regurgitant fraction
(I/min/m2) (%)
AAo 3.1 0.5

MPA 1.5 0.3

Tricuspid valve 2.4 4.0

Mitral valve 2.1 0.9
SVC +IVC 1.9 (0.9 +1.0) -
RPA + LPA 1.4 (0.7 +0.7) -

Systemic to pulmonary collateral flow (SPCF)
= AAo—(SVC+1IVC)=3.1-1.9=1.2 |/min/m?

Volumetry

LV. 8 ml 32ml
RV 97ml 36ml

Fig. 18 Flow analysis and volume study

53 ml(=2.1 I/min/m?)
61 ml(=2.5 I/min/m?)

Aortopulmonary collateral flow

Qs=19-21,Qp=15+1.2=2.7
Qp/Qs=1.4

AAo: ascending aorta; MPA: main pulmonary artery; SVC: superior vena cava; IVC: inferior vena cava; EDV:

end-diastolic volume; ESV: end-systolic volume.

WL L REGRIAIHEZS>THS.

DT Flow measurement 7 5155 N7z MR E &
% Cine MR ) S5 NI 0EARZMEEL, 11T
BRe2E5d % (Fig. 18). 1§bn7ziiizz KX
WICKHIE EBICEHE LTz, TS DEDNE LWL
7 B3 2 A O iR s 72 i UMGIET 5. £ MPA
1.5L/min/m® & RPA 0.7L/min/m*+LPA 0.7L/min/
m’=1.4L/min/m* & Z ¥ —~H L THH, SVC 09L/
min/m?, IVC 1.0L/min/m? CTili # O f1 1.9 L/min/m?>
IR AR 2.1 L/min/m* & ZIE—HL TV 5.
Fiz, WORICHAT % 2R MV 2.1L/min/m*+
TV 2.4L/min/m*=4.5L/min/m? (3 LEHD SHH &
N3 2MmfiE AAo 3.1L/min/m*+MPA 1.5L/min/m”
=4.6L/min/m* & L IFE B L TEH, BB
PR SRR e KEREEL T D T &R0V LT
RTES. EBRERE OO 7z DR
fitifT L7 > 7. AAo & SVCHIVC @7 1.2 L/min/
m? (ZARMEAS B E I TIC X B iR E £ 2% 2 &N
TZE, Qp/Qsidf 14 LHEME N,

—J/3, cine MR 5 ® volumetry Ti& LV output=
2.1L/min/m?% RV output=2.5L/min/m* & H X h,
ZNZN MV flow 2.1L/min/m’ TV flow 2.4L/min/
m’® LIFIE L TH D volumetry & H O & fifff L
TWVWEWT EAURENTz. EALDEDHHEIZ L=

G LT E OMIEER - iERZ XA 5L TE3 L
NV EHEIE N, &, BEAURIEDI N TH->
fo. AEFNDEE 70 ba—aEnlTtEsh, &k
BB 2T > TS, ESHRBR O I S ik
LGE # 87z (Fig 17D, B). BEEA—BUEHNIFE
ICEZELENEEIND T END D, BEME Tk
WL TATHS.

AFEBNCERIR L 5 B 54 BhaFERIk & LT, Con-
ventional Rastelli, Double switch operation (Atrial
switch + Rastelli) (DSO), One and a half repair (1
+1/2), TCPC BT HN, &HAAMMENBIRE W
2HHEHD, HEOHLWE T AN, PElE
£ 4[E0 CMR ME TR IICIA THEALZEDR
T VY )UDNIERICEIIIE N2 T & T, LBEEREN
DSO *® 14172 FilizZ Wiz d 2 Hic i3 &5 7&0—>
DO TE B EEZ BN,

G

CMR (3.0l I A H e 2 B2 < A CTH
h, TNHZMABEDELSTETCMREMTE
73R IRRERHI A, IR TAIRETH 5. D
modality EfAFDOEZ T & T, KO IEMEN DM
RO BREIMT T BIRERHE AN TRET H . /NRICEBWT
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W&, BEERCRRES L OISR ET I B AR
TH5H, T7HREE modality TH D, #EEDZWN
FITHARAD—RICFEFH L TVEKEIDEEDH T
REHEAVY b THB. SHROAFICETIZ LD —HE
DOIEHZ AR LTz,

TEICHh, TEmBEWEEEE LR, midiic g
LR ANIEIEEA, CVIC DiKES 7 v
Zw IR FEIEEARICE LR L B E T

FlastER
AREFIEDNT, FRINEHEMEKL (COD 1370,

f+ &
C D DEFIUC THEZRAZ L TV 5.
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