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Experimental and Clinical Studies of Fast
Three-dimensional MR Imaging of the Heart

Shuhei Sato

MRI has been utilized since its inception to study the
anatomy and physiology of the heart. However, the sensi-
tivity of MRI to motion has always posed a major challenge
in imaging this organ.

The purpose of this study was to develop a 3D MP-RAGE
technique for the heart, and to apply it clinically. In the ex-
perimental study, data acquisition timing was discussed by
normal volunteers. Changes in magnetization recovery time
affected imaging contrast very little in the phantom study.

Fourteen adults and 21 children were examined. In the
adults, MP-RAGE images were rated as high in quality in
the visual estimation. In the quantitative estimation, the images
provided almost the same anatomical information as those
of cine MRI. In the children, MP-RAGE was useful for cases
of partial anomalous pulmonary venous drainage, particu-
larly in the evaluation of abnormal pulmonary veins.

The 3D MP-RAGE technique was useful in imaging the
heart because it was possible to obtain continuous views in
the same cardiac cycle and to reconstruct views from any
direction after the examination.
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Magnetization Data acquisition loop
preparation pulse
180° o 180°
RF pu|se ._I-l__ —(—\—_ __I-|__
Gslice ——— T E g -
G read 1 | J—L _—
G phase % l_|—
— ~ o
Inversion Magnetization
recovery time recovery time
Fig. 1 Diagram of the MP-RAGE sequence.

After the inversion pulse, rapid gradient-echo images are acquired
throughout the data acquisition loop. After magnetization recov-
ery time, the inversion pulse is repeated.
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Fig. 2 Changes in left ventricular diameter ratio during one cardiac
cycle in 16 normal volunteers, starting from the R peak of electro-
cardiogram.

LVD: left ventricular diameter, EDLVD: end-diastolic left ventricular
diameter.

A

ECG

A

Data acquisition

Lvo/
EDLVD

1.0

g
.-.-I short R-R interval

= FE3ITR !
B

uuuuuuuuuuuuu

long R-R interval

I T T S TR (N I PR (N OO R o O O (T |

710 0

Time after R wave

710

(msec)

Fig. 3 Timing of data acquisition.
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Fig. 4 Effects of magnetization recovery time on signal intensity.
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fEHIZEME 1L, Magnetom HI5(3 — A ¥ A48, @Bl
L5T) T, IAIVIBMEGIIA L TIESRERH AL A Ry
IANE, WNBIEGNICH L CTIRERE LTERI L VEH
V72, MP-RAGEETIZZIT A & Boibi 2 Wit 4 FhERk
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REDHHE L, #WE%EBNER & ANBIEF O 2 D125
THRRIIBE 24T o 72, BEGIZ144) (BYE1061, ot 4
B, FER47.75%), /NBERNIE2160 (BIE1361, 4«8
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—REICTOERBI BN T W, ARESIE, 4FIMRI
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7z, FEBIOPER & Table 112RT. BASERNIL, 4FIMP-
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netic resonance angiography (2L FMRA) % 3B/
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Table 1 Clinical diagnoses of cases

Clinical diagnosis No. of cases
Adults
Hypertrophic cardiomyopathy 8
Abnormality of electrocardiogram 2
Essential hypertension 2
Dilated carciomyopathy 1
Arrythmogenic right ventricular dysplasia 1
Children
Partial anomalous pulmonary venous drainage 5
Cardiac tumor 3
Asplenic syndrome 3
Kawasaki disease 2
Cor triatriatum 1
Pulmonary atresia 1
Single ventricle 1
Ebstein anomaly 1
Coronary arterial fistula 1
Criss-cross heart 1
Corrected transposition of great arteries 1
Valsalva aneurysm 1

F&LTTUAREZRZ WG L, +OWmEEMGE, EXR-
RI#FE/15~25/4 (TR/TE/excitations) T 5. WAFEFITDH
FMRIDH A &ML, EBORHTOEGLERLTHS.
ANRIEFITD ¥ AMRIOHRIGZ AL, 25~50/12~20/30/4
(TR/TE/flip angle/excitations) Td 4. MRAIZ2D FISPi:%
My, iRf8 414, 25/12/20/4 (TR/TE/flip angle/excitations)
T&A. FOV 250~350mm, ¥ kY v 7 A 128~192 x
256, A7 A RAE 2~5mmiddnBE L7z, 2, /ANEESO
I BEEERTRVWEIZOWTIE, BB M) sl
F b7 ARECRS (80mg/kg) 24TV, EHIZkINLE S
=V MY AEHE (4mg/kg) BB EE L 72
2. %5188
1) BAFEBIC BT 5 Bt

HfEOFHMIL, NS L ERNICTo 7. HEWEE
fifild, MP-RAGEZEDTCEI(S, UREWTHIE & Ol {E

Table 2 Background of PAPVD cases

MP-RAGEZOHRIAIL, 12/4/16/4(TR/ Case Age Sex Anomalous vein Associated anomaly
TE/flip angle/excitations) T& V), THZ.(vE[ P 15 = RUL — SVO ASD. PDA
DR-RHEFEIZE D T300~600msec |ZF%E L 5 13 M LUL - INNV none
2. %7z, FOV250~320mm, ¥+ v 27 A 3 13 M RUL, RML — SVC ASD
128 x 256, 3D partition 32, AF f AJE 2~ o 6 F RUL — RA ore
dmm, G H IR E 7 OEREE & L7, 5 M RUL, RML — LA none
FRAEE I IR-REMEIZ L 0 Bz 255, #9554 RLL — IVC

L1037 TH 5. KRR O & 401348 B
Y, WEONETICHE 21T - 72,
MP-RAGEZELA DiRfgiE: & LT, SEIX

24

SVC: superior vena cava, IVC: inferior vena cava, INNV: innominate vein,
RA: right atrium, LA: left atrium, RUL: right upper lobe, RML: right middle
lobe, RLL: right lower lobe, LUL: left upper lobe, ASD: atrial septal defect,
PDA: patent ductus arteriosus.
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Table 3 Hesults of visual estimation

A: Visualization of ventricular structure
Quter contour Inner contour
Unclear 0/0/0 0/0/0
Moderate 0/2/0 71917
Clear 14/12/14 7/5/7
B: Nulling of intraventricular blood
Flow signal intensity RV LV Aorta
Higher than muscle 0/0/0 0/0/0 0/0/0
Muscle intensity 0/0/0 3/2/2 1/01
Lower than muscle 14/14/14 111212 13/11*/13
C: Artifact due to respiratory motion
Severe ghosting 0/0/0
Mild ghosting 0/2/0
No ghosting 14/12/14
D: Overall image quality
Poor 0/0/0
Fair 0/2/0
Good 14/12/14

389

(Source images / Short axial images / 4-chamber images)

RV: right ventricle, LV: left ventricle.

*The aorta was not included in the images of three cases.
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Fig. 5 Correlation between wall thickness measured by

A: Lateral wall, B: septal wall. Correlation between wall thickness m

images. C: Lateral wall, D: septal wall.
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cine MRI and that measured by MP-RAGE in four-chamber images.
easured by cine MRI and that measured by MP-RAGE in short axial

EDBBITB VTR, LE-LE DR LTS O WiE chs
T&RI L, HHENERERS T2 ETHHATH-
720 LarL, —REISORFBISH LTI, (OEEE 5D
Y bZANYSEEICLSTARRTH Y, #BINSIICS
¥ EBbhr:, i, NBHREOBEIRERICH LT
b, EEROM AL AMRICHANTE > T

Table 4 Results of PAPVD cases

Case Echo SE Cine MRl  MRA MP-RAGE
1 O X N O O
2 O X O S O
3 O X O O O
4 O X O Pay 0
5 X X O PaN @)

O: definite, A: fair, X: poor, /: not done.
ECG: echocardiography, SE: spin echo, MRA: magnetic
resonance angiography.
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II! Fig. 6 A 52-year-old
man with hypertrophic
FiV cardiomyopathy.

A: Source image of MP-

RAGE.

B: Short axial recon-

" structed image of MP-
" RAGE.

C: Short axial view of

b cine MRI.
[D: Four-chamber recon-
structed image of MP-
RAGE.
E: Four-chamber view of
cine MRI.
ILV: left ventricle, RV:
right ventricle, LA: left
atrium, RA: right atrium.

z = BEDB)E D720, 3 RITIRBA RS RBELEAL L ShTE

—— 7z, LRI 3 RITEERO#HE L LT, CT9, Lx3

MRIEBERIRE Y — 7 2V AD#AIHEZ L, HE —ETOHENHA LS. Chenb®IZ, BFE—ACTEH
BER DB BT b &l 3 RTTRIEATTREE o TE TW WCLERFETIC20B8 0 RECHEBEZE LTI X
%Y, L LB OB A OB) & 3 X ORI X % 5 TR Z AT L, £ ORHFIOVEBROIEBICERTS

FEH114FETH25H 27
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Fig. 7 A 9-year-old boy with partial anomalous pulmonary venous dramage

A: Anomalous veins of the right lower lung field were obscure in the coronal view of SE.

B: Coronal reconstructed image shows the anomalous vein (arrows). The anomalous vain that returns to the inferior vena cava is
also seen (arrowheads).

C: Image created by reforming along the line illustrated in C, which goes through the anomalous vein.

D: Re-reconstructed image shows that the anomalous vein (arrows) returns to the left atrium.

E: Cine MRI of almost the same view shows the anomalous vein (arrows).

LA: left atrium, RA: right atrium.

28 HARER &R E59% #85
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