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RESUME

L’objectif de ce travail est le dévelopment d’un systeme
automatique pour une analyse objective et quantitative de la
valve mitrale du ventricule gauche dans une séquence d’ima-
ges échographiques. Le ventricule gauche est le plus affecté
par différentes maladies (infarctus post-myocardial, myocar-
dite, etc.). La planification d’interventions médicales, ’ana-
lyse des conséquences d’un traitement (médical ou chirurgi-
cal) et la comparaison de séquences d’images nécessitent une
description quantitative des différentes pathologies. Nous
aimerions présenter une méthode d’analyse pour étudier le
mouvement de la valve mitrale. La méthode s’avére stable
dans le temps et robuste dans différents milieux bruités.

1 Introduction

For twenty years, medical radiology has developed
imaging techniques to observe the interior of the hu-
man body. Some of these techniques include magne-
tic resonance (MRI), computed tomography (CTI, also
called scanner imagery), nuclear medicine imagery
(NMI) or ultrasound imagery (USI). Technical deve-
lopments include systems which produce gray-scale
cross-sectional images in real time allowing a spatio-
temporal heart description. The left ventricle is the one
most affected by different diseases. Pathologies might
present themselves in different forms: regional disfun-
ctioning (e.g. post-myocardial infarction, myocardi-
tis), global disfunctioning with enlarged ventricle (con-
gestive cardiomyopathy) or hyperkinesia with thicke-
ned myocardial walls muscle (hypertrophic obstructive
cardiomyopathy (HCM)). The planning of medical in-
terventions, the analysis of the consequences of trea-
tment (medical or surgical), and comparisons of diffe-
rent image sequences imply a quantitative description
of the different pathologies. These requirements make
necessary automatic object detection by image analy-
sis (segmentation), shape description, temporal cha-
racterization, the introduction of objective measuring
criteria and algorithms which are stable over time and
robust in noisy image environments.

ABSTRACT

The work in this paper is directed towards the development
of an automatic system for an objective and quantitative
analysis of the left ventricle mitral valve in a sequence of
ultrasound images. The left ventricle is the one most affe-
cted by different diseases (post-myocardial infarction, my-
ocarditis, etc.). The planning of medical interventions, the
analysis of the consequences of treatment (medical or surgi-
cal), and comparisons of different image sequences imply a
quantitative description of the different pathologies. Here,
we would like to present a possible analysis method for the
movement of the mitral valve. The method is stable over-
time and robust in noisy image environments.

In this paper, we deal exclusively with 2-D ultrasound
images that have been obtained in collaboration with
the Intensive Care Unit of the Centre Hospitalier Uni-
versitaire de Lausanne (CHUV). Ultrasound images
have become popular for non-intrusive analysis of inner
organs [1]. Furthermore, among the different patholo-
gies, we are dealing with the one concerning the mitral
valve (MV) of the left ventricle. In reference [2], the
authors analyse the structural abnormalities of the pa-
pillary muscles by constructing an in-vitro model of
the left ventricle. In reference [3], the different factors
favoring the initiation of systolic anterior motion of the
mitral valve (SAM) are studied in a model of the left
ventricle in a pulsatile flow system simulating the left
heart. A model left ventricle was developed in (4] for
the study of mechanical dynamics. In reference [5],
a finite element model was developed to examine de-
formation and stress patterns in the pathologic mitral
valve under systolic loading conditions. _
Surprisingly, only little work exists providing a quan-
titative analysis of heart pathologies, which is perhaps
due to the lack of objective measuring systems to quan-
tify the degree of sickness. In this work, we would like
to address the problem of objective and quantitative
description of the mitral valve.
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2 Problem description

In a healthy heart, the heart opens and closes follo-
wing the cardiac rhythm. The heart activity can be
decomposed into four cycles (Fig. 1):

1. Phase diastole: the valve is open and the blood
can enter the heart cavity.

2. End of the diastole phase: the valve closes.

3. Phase systole: the valve is closed and the blood
is expulsed through the aorta.

4. End of the systole phase: the valve opens again.

Mitral valve

Aorta

Phase 2

Phase 1

Distance
valve-border
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Phase 3

Figure 1: Illustration of the four phases of the valve
activity.

The doctors from the CHUV have proposed a crite-
rion which consists in measuring the distance between
the valve and the endocardial left wall of the hearth
throughout time. A healthy valve is characterized
by a fast and permanent closure of the valve before
blood expulsion through the aorta. In a sick heart,
the valve is usually bigger in size and the left heart
muscle is larger, resulting in a smaller exit channel
for the blood, which implies systolic anterior motion
of the mitral valve (SAM) that has a tendency to pull
the MV towards the aorta with the blood flow. This
movement hinders the blood to leave the heart cavity

properly and may even imply improper closure of the
valve. Patients with a defective MV often feel tired
or even depressive because of a bad blood circulation
and a lack of oxygen.

For medical analysis, it is important to quantify the
valve motion. Consider the illustration in Fig. 2 for
a healthy valve, where the distance between the top
of the valve and the left heart wall remains constant
when the valve is closed (Phase 1), then increases very
rapidly (Phase 2) and only for a short moment when
the valve is opened (Phase 3) and closes again firmly
(Phase 4). For a malfunctioning valve (Fig. 3), the
distance is more or less constant when the valve is
closed (Phase 1), increases rapidly when the valve is
opened (Phase 2), and then takes a certain time to
return to the normal state (Phase 3). The distance
may even increase again (Phase 4) when SAM takes
place and the valve opens again. In this paper, an
automated system for the detection of the MV and the
LV endocardial border is given as well as an analysis
method of the MV motion.
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Figure 2: Illustration of the distance evolution for
a healthy heart.
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Figure 3: Illustration of the distance evolution for
a diseased heart.

Image analysis is carried out using mathematical
morphology [6]. It is appropriate, because it efficien-
tly deals with size and contrast features. The langu-
age of MM is that of set theory. Sets represent binary
and gray-level images. The image is compared to a
probe of known shape, which allows to detect image
features resembling the probe. This probe is called
the structuring element and it is of simpler shape and
size than the original object. Information about size,
shape, and orientation can be obtained by transfor-
ming the image object using different structuring ele-
ments.



3 Technical approach

Three frames of an original sequence are displayed in
Fig. 4. Image analysis is based on several steps:

1. Filtering of the sequence to remove granular no-
ise.

2. Detection of the MV, marking of the top extre-
mity of the valve.
3. Locating the left endocardial border.

4. Measuring the horizontal distance between the
marker of the MV and the border. It permits to
draw a graph which can be used by the doctors
for subsequent analysis.

The different steps will be detailed in the next subse-
ctions.

Figure 4: Example of the first three frames of an
echo-cardiographic image sequences.

3.1 Filtering

USlis a particular noisy image acquiring method. Re-
moval or partial removal of this noise may not affect
the visual image quality and may not suppress useful
information, while at the same time it can facilitate
the further image analysis such as segmentation and
feature extraction. Techniques such as alternate se-
quential morphological filtering, which consist of al-
ternate erosion-dilation operations which are sequen-
tially iterated with increasing size, have shown good
results in various applications [7, Chpt. 10}, but they
are not suited here because the image modifications
are too important. We have obtained excellent results
using a medium filter, which preserves the image fe-
atures. Visually, the filtered image is quasi indistin-
guishable from the original, but subsequent analysis
is much simplified and more accurate.

3.2 Marker extraction for the MV and en-
docardial border

There are two different markers to be extracted: the
top of the mitral valve as well as the left ventricular
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border. In order to automate the detection process, a
number of hypothesis are necessary which reflect the
detection strategy used by a human observer. First
of all, the valve is usually a thin, elongated object.
Moreover, it is in many of the frames in a rather ver-
-tical position (Fig. 4). An excellent transformation to
extract such kind of data is the top-hat transforma-
tion [8, 6]. It is defined as the difference of the original
image with its opened version. Using a thin, horizon-
tal structuring element allows us to obtain fine and
mainly vertical objects, including the valve. Unfortu-
nately, it also extracts small and wide objects, which
have to be removed by an additional closing opera-
tion with a vertical structuring element. An opening
of small size allows us to eliminate the holes in the
valve. We now have a simplified sequence that con-
tains only objects with a shape similar to that of the
valve. However, a lot of parasite objects persist which
are difficult to distinguish. At this point, looking for
image areas which do not contain the valve is easier,
and it will then allow to remove parasites inside this
mask.

As a matter of fact, many parasite objects are si-
tuated inside the muscle tissue surrounding the he-
art cavity. Luminance intensity in echographic ima-
ging is proportional to the thickness of the tissue, and
thus the muscle tissue can be easily detected with a
threshold operation. A closure followed by an opening
operation eliminates small pieces of the valve which
might have been detected by the threshold operation.
The mask is shown in Fig. 5.

All objects which do not fall inside this mask are re-
tained. The valve is presented in most of the frames,
while other (parasite) objects appear and disappear
in a sporadi¢c manner. They are removed by intro-
ducing the time axis: an opening operation by a 3D
structuring element will only retain those objects that
are correlated in time, i.e. the mitral valve. It is now
present in most of the frames, and can be interpolated
for frames where it is missing.

It is straightforward to detect the top most point of
the valve by a raster scan in direct video order.

The left-ventricular border is easily found from the
mask image (Fig. 5). It is sufficient to extend a line
from the point found on top of the valve to the left
side until the mask image is hit. Three frames of the
sequence with the markers for the top of the valve
and the left border are indicated in Fig. 6.
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Figure 6: Tracked MV and left endocardial border
(white points)

3.3 Temporal evolution characterization

The distance between the mitral valve and the left
ventricle border is plotted in Fig. 7 for an image sequ-
ence of 26 frames. It nicely confirms the theoretical
expectations. We can see that in the early systolic
phase, the distance remains constant and then incre-
ases as the valve opens. It then decreases very ra-
pidly as the valve closes and the heart expulses the
blood through the aorta. Due to the SAM, the valve
reopens again as can be observed by the slowly incre-
asing distance and then gradually closes again.

4 Conclusions

In this paper, an automatic system was presented that
allows a quantitative description of the movement of
the mitral valve. A quantification measure is propo-
sed by measuring the distance between the top of the
mitral valve and the left ventricle endocardial border.
It allows an accurate temporal description of the mo-
vement of the mitral valve. In the future, it will be
interesting and necessary to apply the system to diffe-
rent image sequences of diseased as well as healthy he-

Figure 7: Temporal distance evolution

arts and to compare the different results obtained. It
will have to be confirmed by doctors that this descri-
ption method does provide a useful measure in clinical
practice.
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