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Summary

Left ventricular short-axis images were obtained by ECG-gated magnetic resonance imaging (MRI)
in nine patients with hypertrophic cardiomyopathy and seven patients with chest pain, all of whom
had diagnostic cardiac catheterization including angiography.

The accuracy and usefulness of the short-axis image in MRI for measuring wall thickness and
dimension and for calculating ejection fraction were evaluated.

All patients were examined on an examination couch in the right anterior oblique position in optimal
positions to obtain the left ventricular long-axis images in the Z-X plane (conventional coronal plane).
Next, the paraxial mode was used to obtain the short-axis images by rotating the Y-Z plane (conventional
sagittal plane) around the Y axis. The intervals between the trigger on the middle point of the upstroke
of the R wave and the 90 degree pulse of saturation recovery spin echo sequence were 40 msec and
340 msec with a 34 msec echo delay time for the end-diastolic and end-systolic images, respectively.

Short-axis images in MRI in end-diastole were utilized to measure wall thickness and dimension in
patients with hypertrophic cardiomyopathy and the measurements obtained were compared with those
of echocardiography.

As for calculating ejection fraction in patients with chest pain, the length of the left ventricular
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long axis (L) was measured using the MRI long-axis image. The intraventricular sectional area at four

levels (S1, S2, S3, S4) were measured using the MRI short-axis image in end-diastole and in end-systole.

Left ventricular end-diastolic and end-systolic volumes were calculated using the following formula:
V=12xL—-4.5)x814+1.5x(S14+52483)+1/3x1/2x (L—4.5) x S4

Ejection fraction by MRI was compared with that by cardiac catheterization (single plane, area-
length method).

The measurements of wall thickness and dimension by MRI correlated well with those by echo-
cardiography (r=0.97, p<0.01). Ejection fraction calculated by MRI correlated significantly with that
by cardiac catheterization (r=0.82, p<0.05).

We concluded that the left ventricular short-axis image in MRI is satisfactorily accurate for mea-
suring wall thickness and dimension, and useful for evaluating the left ventricular ejection fraction.

Key words
Magnetic resonance imaging

Left ventricular short-axis image

Ejection fraction

xLC &Iz

A, BERIL W4 2 Wk (magnetic reso-
nance imaging: MRI) (. EXF#ILENEA &
™0 7, FEROKFE, RiEE, KRWTEZM
%, EREERICHZT sWE (B5REiE par-
axial plane) MERENFHRE L 42 v "0, FHryIaE)
E#R YIRS - KILEHR O MR X 2 #fg ki
pi2Y::: 2% ralt

A R MR S h o EE e

v, ABGROEEWESKHICSTSER

WERESRL, Ebic, AEEEEFRERICX A
EERHAEEHESRHL, oFAEERFL
Iz

75 &

1. xR EEERMIGHEHEE

ERELOLAFEE 9 41 LD 7 —F VIRE R HETT
Ui tE R B 7 4, & 16 Fla st e Lic.

HEEIZY — 2 vzl MAGNETOM (1.5 5 2
7), LERFAHR Crza—EE Ay, 2KRT7
— Y RICTRMG L. AEEBEO EREERE,
Fig. 1 R+<, KEMEARLO BE OELS
Mm% X @, aigsmE Yl EThHmE Z g
LLTWwWa. =Y vrzix 256x256 T, 512
OiavL 1,024 i< 1 gz 5B

ODER R b By hdnpgi% trigger &
L, trigger 2b AL T a—I0EAL 2 ET
D5 (TD) % 40 msec 38 L f 340 msec & L,
T a—ff (TE) 34msec #oE—= a—Ef
¥, ThZh IEERS 8 X0 IERHESG L L

Head

left x

2
%,
& %

N
&
<

Y

vl
Inferior

Fig. 1. Schematic representation of the X, Y and
Z axes fixed in the instrument (MAGNETOM).

The directions of the X, Y and Z axes are right-
left, posteroanterior and superoinferior, respectively,
when patients are in the supine position on an ex-
amination couch.
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Fig. 2. M-mode echocardiogram showing the phase analysis of trigger, and end-diastolic

and end-systolic images.

The first echo image for end-diastole is obtained at a point about 74 msec after the triggered
point (TD =40 msec, TE=34 msec). The end-systolic image is described at a point about 374 msec
after the triggered point (TD =340 msec, TE=34 msec).

IVS =interventricular septum; LV =left ventricle; PW =left ventricular posterior wall; TD =delay

time; TE=echo time.
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Fig. 3. MRI images illustrating methods for imaging in the left ventricular short-axis
plane.

Upper left: Transverse image depicted in the X-Y plane (conventional transaxial plane) of a patient
in the right anterior oblique position with the optimum degree for the position.

Lower left: Left ventricular long-axis image depicted in the Z-X plane (conventional coronal plane).

Upper right: Left ventricular long-axis image depicted in the paraxial plane which crosses the Z-X
plane vertically.

Lower right: True left ventricular short-axis image obtained in the paraxial plane which crosses
vertically the Z-X plane and the long-axis of the left ventricle.
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Fig. 4. Methods for measuring wall thickness
and left ventricular dimension using MRI (top)
and echocardiography (bottom).

The measurements are made using left ventricular
short-axis images in end-diastole.

T,, Ts, Ts, T,, Ts=measured wall thicknesses;
D,, D,, Dy=measured dimensions.
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Fig. 5. Methods for calculating left ventricular volume.
Left ventricular short-axis images are obtained using MRI at 4 levels (S;~S,) and left ventricular
volume is obtained by adding 5 parts (V,~V;). Each partial volume is calculated using formulae

shown in the figure.

L=length of left ventricular long axis; S;, S,, S5, S,=cross sectional intraventricular area at 4
levels of short-axis images by MRI; Vy, V,, V;, V,, V;=volumes of 5 parts of the left ventricle.
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Fig. 6. Left ventricular short-axis images at four different levels used to calculate ejection
fraction.
Left: end-diastole, right: end-systole.
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Table 1. Wall thickness and dimension measured using MRI

Case ~ Optimum degree  mm T, T, T, T, D, D, D,
1 40° 21 12 11 12 20 48 48 47
2 10° 2% 14 12 30 33 50 48 15
3 25° 18 11 10 10 28 40 35 20
4 35° 2 15 10 11 15 38 53 36
5 25° 21 14 13 26 29 43 4 30
6 5° 23 12 11 11 21 45 51 33
7 35° 24 14 12 13 16 42 50 36
8 20° 23 23 11 30 42 46 33 16
9 45° 11 12 11 13 22 50 45 32
Mean 27° 21 14 11 17 25 45 45 29
SD 14° 7 4 1 9 11 9 7 11

SD =standard deviation. Other abbreviations are the same as in Fig. 4.
The optimum degree of the right anterior oblique position (RAO) for imaging the left ventricular short-axis

plane is also described.

Table 2. Wall thickness and dimension ob-

tained using echocardiography . "“‘T MRI r=097
y=11x-13
Case Tymm T, Ty, T, T; D; D, 0
1 21 — 12 13 18 36 38
2 22 — 11 28 33 46 — 50
3 — — 11 12 28 40 35
4 24 — 12 14 18 39 — P
5 20 14 11 25 29 41 45
6 23 12 11 11 20 4 43 J
7 22— 10 12 18 36 45 .
8 24 — 11 30 45 43 29
9 10 10 10 11 25 41 35 i)
Mean 21 12 11 17 26 41 39 .
10
SD 5 2 1 8 9 3 6
Echo
Abbreviations are the same as in Fig. 4. 0 m 20 0 20 0 @0 mm

—: The echocardiographic measurements could

not be performed. Fig. 7. Relationship between wall thickness

and dimension obtained by MRI and those by
echocardiography (echo).

— 256 —



MRI ZE=4EHETE

Table 3. Left ventricular ejection fractions (EF) calculated using MRI and derived from
left ventriculogram (LVG)
MRI LVG

Case
LVEDV LVESV EF LVEDV LVESV EF
10 142 50 0.65 173 53 0.69
11 161 84 0.48 134 74 0.45
12 108 29 0.73 109 24 0.78
13 153 71 0.54 131 53 0.60
14 137 60 0.56 114 47 0.59
15 94 38 0.60 95 46 0.52
16 96 25 0.74 113 39 0.65
Mean 127 51 0.61 124 48 0.61
SD 28 22 0.10 25 15 0.11

LVEDV =left ventricular end-diastolic volume; LVESV =left ventricular end-systolic volume.
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Fig. 8. Correlation of ejection fraction cal-
culated by MRI and that by left ventriculogra-
phy (LVG).
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