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Abstract: In this paper, we developed a left ventricular (LV) wall motion analysis
method, and developed a display method of the motion on personal computer
monitor.

To know precise rotation or deformity, identifiable landmarks must be located. The
MRI tagging makes it possible to estimate the regional wall motion noninvasively. We
tried to estimate the precise LV wall motion by the MRI tagging.

Tagging is achieved by selective saturation pulse method. The difference of the
signal intensity between tagged and nontagged regions persist for 400-700
milliseconds.

We display the tag point movement as animation, and display the rotation &
contraction curve on the same computer monitor.
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1 INTRODUCTION
A quantitative estimation of regional wall motion is required to evaluate the severity of heart

disease or the cardiac function. Echogram, EKG-gated scintigraphic angiocardiography and coronary
angiography are used to estimate the regional wall motion. But to know precise rotation or deformity,
identifiable landmarks must be located. The land marks have been supplied by the implanted
radiopaque beads or by the bifurcations of the coronary arteries [1,2]. The MRI tagging makes it
possible to estimate the regional wall motion noninvasively. We tried to estimate the precise LV wall
motion by the MRI tagging. We can determine the tag points in a normal volunteer for 700
milliseconds.

2 METHODS
2.1 MRI acquisition

A normal volunteer (men, aged 49) was imaged on a 1.5T scanner (Toshiba MRT-200). Tagging is
achieved by selective saturation pulse method [3,4]. Experiments were performed using a field echo
method, with time to echo (TE) equaling 15 milliseconds, repetition time (TR) equaling 50 milliseconds
flip angle (FA) equaling 30 degrees and averaging four excitation. The difference in the signal intensity
between tagged and nontagged regions persist for 700 milliseconds.

After positioning the volunteer in the MR imager, a series of scouting images was acquired so that
true short axis images were obtained. The tag lines were placed perpendicularly to the image planes
at end diastole. The four chamber view image with four parallel tags was also obtained. Figure 1
shows the images.

2.2 Data analysis

2.2.1 Image processing
The obtained static images of MRI tagging were transferred through video-floppy to an IBM-

compatible personal computer, where video processor board converted each images to (256x256
matrices, gray levels) digital data.

First, LV endocardial and epicardial borders were manually marked at 5-10 millimeters suitably.
And these points were linked using Besier curve (Figure 1). The contours of LV endocardium and
epicardium made it easier to settle the intersections with tag lines.

The tag lines make twelve intersections on endocardium and epicardium respectively on short axis
images and eight on long axis images. The tag lines have width (4 mm), so the intersections were
settled on the centerlines.
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Figure 1.  Contours of LV endocardium and epicardium

2.2.2 Animation display
On personal computer monitor, we display MR image, wall contour, tag point and graph data every

100 milliseconds (Figure 2).

Figure 2.  Animation display

3 RESULT
The tag lines make twelve intersections on endocardium and epicardium respectively on short axis

images and eight on long axis images. The tag lines have width (4 mm), so the intersections were
settled on the centerlines.

These tag points are obtained every 100 milliseconds, Figure 3 shows the apical slice of the
volunteer. There was systolic counterclockwise and diastolic clockwise rotation. Displacement of
anterior-lateral wall was larger than ventricular septum. Tag points 6-9 represent anterior-lateral wall of
endocardium. By magnification these tag points seemed to form hysteresis loops.

Figure 4 shows the 4 chamber view slice of volunteer 1. During systole LV endocardium and
epicardium were contracted and also moved toward apex. On endocardium the basal tag points
seemed to form hysteresis loops. On the epicardium tag points seemed simply moved toward apex,
because wall thickening and contraction canceled each other.
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Figure 3.  Tag point movement of volunteer 1 on short axis

Animation display enable us, to understand heart wall motion clearly. To display base and apex,
the difference of the wall motion becomes obvious. And comparison of short axis and long axis, or
comparison of another person, or comparison of another period of same person are possible.

Figure 4.  4 chamber view slice of volunteer 1

4 DISCUSSION
In 1970s, to analyze heart wall motion, radiopaque beads were implanted in the midway [1].

Coronary cineangiogram was one of the method to analyze heart wall motion [2,3,4]. From the end of
1980s MRI tagging method was used for heart wall motion analysis [5-9]. MRI tagging is almost
noninvasive and is especially useful for analysis of the motion of epicardium and endocardium. Up to
the present many reports were mentioned about left ventricular deformation, wall thickness and wall
motion. But all of them were about left ventricular systolic analysis [10-17]. In diastole, tags became
obscure, and it became difficult to determine the intersections of tag lines and endo- or epicardium.
We tried to determine the intersections in diastole by tracing the wall contour first.

So it disappeared to be possible that the intersections were determined during 400-600
milliseconds after enddiastole.

In the beginning, we interpreted the hysteresis loop of tag points on short axis section as phase
gap between rotation and contraction. But the hysteresis loop seems to be formed by the whole heart
shift mainly. On long axis section we also interpreted the hysteresis loop as phase gap between
contraction and displacement toward apex. But the hysteresis loop also seems to be formed by the
whole heart shift.

Buchalter et al mentioned that in systole the mean of the torsion angles of the apical slice, relative
to the mean of the torsion angles of the basal slice was 19.1±2.0 degrees. Our result of the torsion
angles were 21.7 degrees in the volunteer.

The four parallel tagging planes were implemented on long axis sections and six radial tagging
planes on short axis sections. Minimum time per tagging plane was about 15 milliseconds from the
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center of the tagging radiofrequency (RF) pulse to the center of the next tagging pulse, so we get first
image 50-100 milliseconds after true end-diastole. These delay time after end-diastole seems to make
it easy that we assess the heart wall motion in diastole. Therefore to adopt 200-300 milliseconds as
the delay time after R wave, it seems to be easier to assess the diastolic heart wall motion.

In order to analyze left ventricular wall motion, there are many component, that is (apex, base),
(septum, lateral wall), (endocardium, epicardium), (contraction, rotation, displacement). The animation
display seems to enable us to understand the wall motion more clearly.

5 CONCIUSION
Animation display enable usto understand heart wall motion clearly, especially when there is

phasal gap, and the difference must be emphasized on the personal computer monitor.
The contours of endocardium and epicardium mae it easy to settle the intersections with tag lines.

MRI tagging seems to be useful to assess LV wall motion not only in systole but also in diastole.
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