Journal of Cardiology 19: 911-920, 1989

Quantitative evaluations
of left ventricular func-
tion obtained by
electrocardiographically-
gated magnetic reso-
nance imaging
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Summary

Using electrocardiographically-gated magnetic resonance imaging, regional cardiac function was
evaluated in 12 normal volunteers and in 10 cases of old myocardial infarction. The optimal short axis
of the left ventricle was selected at the chordae tendineae level. The left ventricle was divided into
12 segments using a computer-aided system, and percentile shortening fraction (%,SF) and percentile
wall thickening (% WT) were calculated in each segment by the fixed coordinate method.

In the normal volunteers, heterogeneity of both %FS and % W'T was observed, ranging from 25+
139, and 37139, respectively in the septal segment, to 49+139%, and 60+219%,, respectively in the
posterior segment. In the cases of myocardial infarction, decreased %FS and 9% WT were detected
at the affected regions. The abnormal regions revealed by 9% WT tended to be narrower than those
revealed by 9%,FS. Thus the MR technique at the optimal axis may be useful for quantitative evalua-
tions of regional cardiac function.
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Introduction

Electrocardiographically (ECG)-gated mag-
netic resonance imaging (MRI) clearly demon-
strates cardiac chambers and cardiac walls with-
out the use of contrast material»®, and such
imaging appears to be well suited for the study
of regional left ventricular (LV) contraction. Re-
gional asymmetries of LV wall motion and
thickening generally indicate myocardial ische-
mia or infarction, or both3~®. Earlier magnetic
resonance examinations for evaluating cardiac
function were not performed in planes orthogo-
nal to the myocardium®?. However, in the
present study, an optimal short-axis image was
obtained using electronic axial rotation. The
percentile changes in regional wall thickening
and wall motion at end-diastole and end-systole
were quantitatively analyzed to assess regional
myocardial function.

Methods

1. Subjects

MRI examination was performed for normal
volunteers and a group of ischemic patients.
The normal group consisted of 11 men and one
woman whose ages ranged from 20 to 33 years
(26 +3, mean+SD). None of the volunteers had
histories of cardiac disease, and results of their
physical examinations, chest radiography, and
electrocardiography were normal. The ischemic
group consisted of seven men and three women
with old anterior myocardial infarction, whose
ages ranged from 45 to 82 years (61414, mean
+SD). Echocardiography and ECG-gated MRI
were performed within 48 hours to evaluate the
segmental myocardial function of the left ven-
tricle.

2. Magnetic resonance imaging (MRI)

The MRI unit (Hitachi G-10) had a 0.15
tesla magnet. An electrocardiographic signal
was obtained from standard surface electrodes
placed on both shoulders and over the right
distal portion of the chest. Gating was accom-
plished using the patient’s ECG signal coupled
with the imaging system. For the end-diastolic
image, gating was triggered at the rising point

of the QRS complex. For the end-systolic
image, gating was triggered at the beginning of
the down slope of the T-wave. Repetition time
corresponded to the heart rate. A spin echo
pulse sequence between 90 and 180 pulses with
a 40 msec delay was used for the MRI. The
slice thickness was 15 mm.

Optimal short-axis images at end-diastole and
end-systole were obtained using an electronic
oblique technique similar to the two-dimen-
sional echocardiogram at the level of the
chordae tendineae. The imaging procedures
were as follows :

To obtain the long-axis orientation of the
heart, the imaging technique required initial
acquisition of a transverse set of multisection
images where the apex, aortic valve, and septal
plane had to be specified. Then, by the elec-
tronic oblique technique, the vertical long-axis
image of the LV could be obtained. Secondly,
the horizontal long-axis image was obtained us-
ing the previously determined vertical long-axis
image and by orienting the apex and aortic valve.
If no significant deformity could be demonstrat-
ed in the four-chamber view, the short-axis
planes were taken as orthogonal to the horizon-
tal and vertical long-axis images (Fig. 1).

3. Echocardiography

Using the Aloka SSD-810, two-dimensional
echocardiograms were recorded to evaluate the
dimensions obtained by magnetic resonance
images. Studies were performed with patients
in the left lateral decubitus position, using
standard techniques. Short-axis parasternal im-
ages were obtained at the levels of the chordae
tendineae.

4. Analyzing procedure

The procedures for measuring MRI were
similar to those for echocardiography. The di-
mensions of the left ventricle were determined
along a line perpendicular to the septum and
posterior wall. The endocardial and epicardial
boundaries of the left ventricle were traced
manually and digitized using a tablet digitizer.
The center of gravity of the epicardial boundary
at end-diastole was calculated by computer
(HP-1000F). From this center, 12 radii at 30
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End-diastole

Left ventricular function and magnetic resonance imaging

End-systole

Fig. 1. Magnetic resonance imaging with optimal axis in a normal subject.
Images at the vertical long-axis, horizontal long axis and short axis are demonstrated at the end-

diastolic and end-systolic phases.

degree intervals were generated, then the short-
axis image was divided into 12 equal L'V cavity
and LV wall segments. Segments 1 to 3 corre-
sponded approximately to the posterior wall, 4
to 6, to the anterior wall ; 7 to 9, to the septum ;
and 10 to 12, to the inferior wall (Fig. 2). Per-
centile shortening fraction (%FS) and percentile
wall thickening (%W'T) were calculated both
by echocardiography and MRI using the fol-
lowing formulae :

9% FS=(Sd—Ss)/Sd x 100

%WT=(WTs—WTd)/WTd x 100
where Sd and Ss corresponded to end-diastolic
and end-systolic dimensions of the left ventricle,
respectively. WTd and WTs corresponded to
wall thickening at the end-diastolic and end-
systolic phases, respectively.

5. Statistics

The mean value and standard deviation for
each cardiac dimension were calculated sepa-
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ANTERIOR

INFERIOR
End-diastole

Fig. 2. Schematic diagram of the measurements of regional dimensions.

rately from the echocardiogram and the mag-
netic resonance image. For comparisons of the
two techniques, paired t-tests were used. Linear
regression analysis was also performed on the
cardiac dimensions obtained by echocardio-
graphy and MRI.

Results

1. Quality of the magnetic resonance image

MRI resulted in a cardiac image sufficiently
clear for quantitative analysis. In normal sub-
jects, the ventricular chamber appeared as a
void in signal intensity, and the ventricular wall
was clearly demonstrated. But some subjects
exhibited a slight blur in the inferior wall. The
normal subjects did not show thinning of the
cardiac wall at the end-diastolic phase; wall
thickening was evident at the end-systolic
phase (Fig. 1). However, in cases of anterior
myocardial infarction, wall thinning was dem-
onstrated in the infarcted regions at the end-
diastolic phase. Furthermore, wall thickening
was not observed at the end-systolic phase (Fig.
3).

2. Comparisons of dimensions obtained by

MRI and echocardiography

The results of parameters according to meas-
urements by MRI and echocardiography in sys-
tole and diastole are summarized in Table 1.
Left ventricular dimension obtained by MRI
was 499+4.0mm in end-diastole. A good cor-

End-systole

relation (r=0.80) was observed between the two
images. However, left ventricular dimensions in
end-systole and %FS showed a moderate cor-
relation with the corresponding values as ob-
tained by echocardiography (r=0.66 and 0.61,
respectively). On MRI, diastolic wall thickness
was 9.6+1.1 mm (mean+SD) in the septal seg-
ment, and 9.9+0.9 mm in the posterior segment.
In the systolic phase, wall thickness was 13.7+
1.2mm in the septal segment, and 15.14+1.2mm
in the posterior segment. Good correlations (r=
0.87 and 0.79 at end-diastole and end-systole,
respectively) were also observed between mag-
netic resonance and echocardiographic measure-
ments in the septum. Moderate correlations
were observed in the posterior wall (r=0.69 and
0.74 at end-diastole and end-systole, respec-
tively).

3. Regional myocardial function by MRI

The values of % wall thickening and %
shortening of the septum were less than those
of other regions (Fig.4). Regional % shorten-
ing was 49+ 139% at the posterior wall, 46+11%
at the anterior wall, 25+13%at the septum, and
29+149% at the inferior wall. Regional % wall
thickening was 60+21% at the posterior, 51+
28% at the anterior wall, 37+13% at the sep-
tum, and 63+389% at the inferior wall. Hetero-
geneity of %WT and %FS was observed
between the segments. The difference in %WT
between the septum and posterior wall was not
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End-diastole End-systole

Fig. 3. Magnetic resonance imaging in the case of anterior myocardial infarction.
Wall thinning can be seen in the septum and apex at the end-diastolic phase. Systolic myocardial
wall thinning is also revealed in these regions.

Table. 1. Comparison of measurements obtained by magnetic resonance imaging and echo-

cardiography

MRI Echo r
Left ventricle (diastole) (mm) 49+4.0 48+3.6 0.80
(systole) (mm) 32+2.6 32+2.4 0.66
Shortening fraction (%) 34+3.1 33+3.4 0.61
Septal thickness (diastole) (mm) 9.6+1.1 8.7+1.2 0.87
(systole) (mm) 13.7:£1.2 12.0+1.4 0.79
% Wall thickening (%) 43+14 39+14 0.76
Posterior wall thickness (diastole) (mm) 9.94+0.9 9.6+0.9 0.69
(systole) (mm) 15.1+1.2 14.9+1.5 0.74
0.60

% Wall thickening (%) 54413 5611
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Fig. 4. Regional differences in percentile fractional shortening and percentile wall thickening
around the circumference at the short axis of the left ventricle in 12 normal volunteers.
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Fig. 5. Regional differences in percentile fractional shortening and percentile wall thickening
around the circumference at the short axis of the left ventricle in a case of anterior myocardial

infarction.

The abnormal segments detected by %WT tended to be narrower than those detected by %FS.

statistically significant, but with the %FS, a dif-
ference was observed.

The results of quantitative analysis in cases
of anterior myocardial infarction are shown in
Fig. 5. Decreased % wall thickening and %
shortening were clearly observed at the antero-

septal wall.

The number of abnormal segments detected
by analysis of % wall thickening and % shorten-
ing is shown in Fig. 6. Fifty of the 120 seg-
ments were abnormal by the 9% wall thick-
ening analysis ; whereas 64 segments were ab-
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Fig. 6. The number of abnormal segments in
10 cases of anterior myocardial infarction.

normal by the 9% shortening analysis. A chi-
square test between % wall thickening and %
shortening was not statistically significant. How-
ever, the total number of abnormal segments
revealed by % wall thickening was slightly less
than that revealed by % shortening.

Discussion

ECG-gated MRI of the left ventricle at the
optimal axis angle clearly demonstrated the
cardiac chamber and cardiac wall at the end-
diastolic and end-systolic phases. The inherent
contrast between the blood pool and the myo-
cardium allows the determination of myocardial
wall thickening and wall motion, from which an
index of regional ventricular function can be
derived. In cases of old myocardial infarction,
regional wall thinning resulting in wall mo-
tion abnormality was detected in the infarcted
regions. Higgins et al. reported the same results
using MRIL? . In some cases, a slightly blurred
image was observed in the inferior wall. This
might have been caused by motion of the dia-
phragm due to respiration.

To perform quantitative regional analyses, the
accuracy of cardiac dimensions as obtained by
MRI was evaluated by comparing them with
those obtained by echocardiography. During this

Left ventricular function and magnetic resonance imaging

comparison, the dimensions obtained by MRI
corresponded well with those obtained by echo-
cardiography. Friedman et al® reported that,
for normal subjects, MRI and two-dimensional
echocardiography yielded values for cardiac
dimensions with similar standard deviations.
They also reported that poor correlation was
observed between the two techniques as to
posterior wall thickness and systolic dimensions.
However, results of the present study showed
moderate to good correlations for these para-
meters. Dimensional errors are probably due to
the fact that in earlier reported studies, the
angle to the heart had not been corrected,
and this may have been minimized during our
examinations by the use of optimal axis an-
gles®~1V, With these improvements, the re-
gional quantitative analysis appears adequate
for evaluating regional cardiac function.

In the current study, substantial variability
of %WT and %FS was observed among the
myocardial segments in the group of normal
volunteers. The % WT in normal subjects
(ranging from 35+159% in the septum to 72+
329 in the posterior wall) did not statistically
differ significantly between the regions. How-
ever, there were considerable variations in the
%FS, ranging from 25+10% at the septum to
50+149% at the posterior wall. The observation
of considerable heterogeneity in %FS and %
wall thickening when determined by echocardio-
graphy, was also previously noted both in ani-
mal and human studies!'®'®, In particular, re-
latively high %FS and % WT values have been
reported in the posterior segments!®.

The factors which contribute to non-uni-
formity or heterogeneity of left ventricular
contraction in each segment can be broadly
classified as physiologic and technical!%!4 :

1. Physiologic factors include the variable
time of left ventricular activation!®, variable
left ventricular regional flow!®, regional anato-
my (fiber orientation and wall thickness)!” and
external factors (right ventricular pressure and
intrathoracic pressure). As a consequence of
these physiologic factors, there is no reason to
expect the left ventricle to contract in a manner
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which is temporally or geometrically homo-
geneous.

2. Technical factors are related to the com-
plex motion of the heart in three dimensions
and conformational changes which occur during
its contraction. These include translation, rota-
tion, base-to-apex shortening along the ven-
tricular long axis, and differential rotation among
levels. Moreover, the problems of accurate re-
cognition of borders, image registration and
constraints of the reference system used to
analyze the data likewise contribute significant-
ly to artifacts in data analysis.

Infarcted segments in patients with ischemic
heart disease reduced % systolic wall thin-
ning and were often combined with diastolic
wall thinning. The abnormal regions shown by
%WT were narrower than those revealed by
%FS in each case. The numbers of abnormal
segments which were identified by %F'S, tended
to be much greater than those identified by
% W'T. Therefore, % WT may be more sensitive
in revealing ischemic regions. Vatner has shown
that endocardial shortening decreases as little
as a 19~20% with reduction in blood flow!®.
Gallagher has also shown that when perfusion
is decreased only to the inner half of the myo-
cardium, reduction up to 75% in systolic wall
thickening may occur. Akinetic wall motion
may be observed when perfusion remains normal
in the subepicardial one-fourth of the wall.
Dyskinesis occurs when blood flow is reduced
transmurally'®. Furthermore, Lieberman et al
concluded that endocardial wall motion as as-
sessed by echocardiography was less sensitive
in discriminating infarcted from non-infarcted
myocardium than the measurement of systolic
wall thickening, resulting in overestimates of
true infarct size2®.

Cross-sectional echocardiography®!%!3 and
cine computed tomography!42! were previous-
ly reported useful for assessing wall motion and
systolic myocardial wall thickening, but each
of these techniques has inherent limitations.
Echocardiography relies on ideal accoustic con-
ditions for image acquisition, and cine comput-
ed tomography, which provides a high resolu-

tion tomographic image, requires the intrave-
nous injection of iodinated contrast material and
exposure to radiation. Conventional MRI has
excellent spatial resolution and does not require
contrast agents for obtaining the blood pool, but
it has limited temporal resolution and requires
a long imaging time. Today other MRI tech-
niques are being investigated to analyze cardiac
function more precisely??, and through this, the
problems of temporal resolution and long imag-
ing acquisition time may be overcome.
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