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Fig. 1. Short-axis cine MRI of a patient of mitral regurgitation. End-diastolic (ED) and end-sys-
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tolic (ES) phase images. Intraluminal blood has high signal due to the in-flow effect.

Fig. 2. Long-axis cine image at enddiastolic (ED) and endsystolic (ES) phases

of the same
patient as Fig. 1. Intraluminal blood signal is lower than that in short-axis due to weak inflow

effect, and hence the contrast is low between the myocardium and the intraluminal blood space.
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Fig. 3. Short-axis cine of a patient with normal function. An example of tracking of endocardial
border. Trabeculations are included in the cavity, and thick papillary muscles are included in the

wall.
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Fig. 4. Simpson rule for ventricular volume
The total volume (V) is the sum of the area
(Ai) on each slice multiplied by slice interval
(d) : V=XA: -d. This rule is applicable to any
geometry of the ventricle.
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Tag plane
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Fig. 5. Tag is not a line but a plane perpendicular to the imaging slice.
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Fig. 7. Imaging section is fixed during the cardiac cycle. Each image at
different cardiac phase displays different myocardium.
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Fig. 8. Long axis cine (top) and tagging cine (bottom) at enddiastolic
(ED) and end-systolic (ES) phases. The apex of the left ventricle seems
to thicken during the systolic phase (top), but the apex is dyskinetic be-
cause distance between the adjacent tags increased at the enddiastolic
phase (arrowheads).

Fig. 9. Tagging cine of a normal volunteer
(a) semiautomatically tracked cross points (white dots) are superimposed on a endsystolic im-

age.
(b) trace of the cross points from the enddiastole to the endsystole.
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Untwisting (Diastole)

Fig. 10. Myocardium rotates counterclockwise in the apical region and
clockwise in the basal region during the systolic phase (twisting), and re-
wind during the diastolic phase (untwisting).

Fig. 11. Tagging cine of a patient with dilated cardiomyopathy
(a) Semiautomatically tracked grid-tag is superimposed on the original image at the enddiastol-
ic phase. Deformation of the grid is extremely small in the septum and moderate in the lateral

wall.
(b) Functional image of the circumferential shortening.
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Fig. 12. Acute myocardial infarction of the inferior wall of the left ventricle. An image of mini-
mum principal value (left) shows severe hypo- or a-kinesis of the inferior wall (arrows).
(b) Dynamic study revealed late phase enhancement of the inferior wall.
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Fig. 13. Circumferential shortening of the left ventricle in volunteers
(5 persons) and a patient of dilated cardiomyopathy (DCM). The

patient is the same as that of Fig. 10.
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Fig. 15. Phase contrast velocity mapping

(a) slice for velocity mapping (white line) is localized perpendicular to
the main pulmonary artery.

(b) cine MRI at the section determined by the localizer.

(c) phase image (velocity mapping) at the slice.

(d) time-velocity curve of the main pulmonary artery.

423



HEERE $19%6 %5 (1999)

HExBEATCINCEEGZRNEZHET 5
(Fig. 15). WA EEE 7207 R OB E & 5HEl 4
HEDICHREINIY—T VAT, HEXRY
PV EBEDOERORITAY 0 L35, ED
Wl (v) FEEIN/WE (ves) &> T
v=ves/cos(f) TEINS. =00 & |21
V=Vobs £ 72 5H. Eiz, V—r VAT LDEIE
TRl KRER D - C, WH venc &\ 5.
Venc £ D EWEEITIT VR INTNIWEE
HEREINS (Fig. 16). Thdzicwg s+
HHEBOB) & OE ST LV HY)7: vene &R
L7z i3z 6. fl 2 EKBIRO Mk 5
WO TK & venc (1~2m/s) %, ERENR
P OWEITE D T/ E 7x vene (20 cm/s &
B) #FIRT208EE L. RESMITS LV
A4 A —CTEgLENS.

AR £ A IEBIEEDEERN TH 5 7-D1
i, WOEEDRICER L3 b,
FTME (B5VEEE) 1T25 4 ZEL LD
BRI/ TEHFHTRINT . &
eI LA R 7 EVHEEL L BV
DRIPET N 6w, BEOL ALY Y

+180°

TIOKEIFIX2mmBETHS. L
2 o TREARBIIR O PR BEIE Cld AR 72 7 0 —
N =iz VI3EREZ 00, MEOTEMIC
DWTHEERICIR D Boai nida bk,

LA & D O OZR TR B & % T4 5
TEHTELW. LHOBEEEZRDI- W
EERMAC LV EERESRNLOR L. &
T OB GREERRD &S &35 EEEOH
G LT RSO TERERKEL
5. BITLBHOBEEECER A RO S & &
FTORP IV, REBRTEICERECER
RKOLD &5 LB PLIETH L0 HEER
K&EL 5.

AR A D BRER IS F
RIRANCIZZ & A BT X TOLEB LR

SHEOR RIS . A EETH B DT DM

P bFEZ TORBMEWEBTH Y, KITLH
ETHS S, BIMHEOERE % FR NI T
5 ridmibictE - TE T+ 2 OFEERR
By ThhH5.

00

-180°

()
=

_l.
_______._g_.g___._.‘_ o
&

Fig. 16. Maximum encoded velocity is called “venc”. If a velocity ex-
ceeds the venc, it is displayed as a lower velocity within *venc.
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Evaluation of Cardiac Function by MR Imaging

Naoaki YAMADA

Department of Radiology, National Cardiovascular Center
5-7-1, Fujishiro-dai, Suita, Osaka, 565-8565

Magnetic resonance (MR) imaging is a promising technique to evaluate cardiac function of the
heart noninvasively.

Cine MR imaging potentially has high accuracy in estimation of the volume of ventricular cavity,
ejection fraction, systolic wall thickening and myocardial mass. Simpson’s rule is the most reliable
technique to calculate volume. However, several cares should be employed for quantitative evalua-
tion. Short axis image has a better contrast between the myocardium and the cavity depending upon
the inflow effect of blood that can be weak in long-axis view and in a case with poor cardiac function.

Tagging can visualize displacement, rotation and deformation of myocardium. From deformation
tensor or strain tensor, circumfererntial shortening and wall thickening are calculated as well as prin-
cipal values. The calculated values are used to reconstruct functional images. Regional and global
myocardial function or viability can be estimated for patients with myocardial infarction, cardio-
myopathy, and transplanted hearts.

Phase contrast velocity mapping is also useful for quantitative evaluation of myocardial move-
ment.

Cardiac MR imaging is a developing technique. Real time interactive scan will be available in near
future. Easy or automatic postprocessing will be critical for routine clinical use of MR imaging.
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