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Abstract

This paper presents the usage of image analysis methods for solving the problem of the right
ventricle detection in the rats hearts. Images which have been analyzed were created by the
Magnetic Resonance Imaging. Rat's hearts images which have been analyzed were created by
experimental magnetic tomography, which gives the opportunity for measuring in vivo.
Pointing of the right ventricle and the describing data allows to analyze changes in the heart
under the influence of pulmonary hypertension and help specialists in the designation of the
characteristics of pulmonary hypertension.
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Streszczenie

W artykule oméwiono zastosowanie metody komputerowej analizy obrazu do rozwiazania
problemu detekcji prawej komory serca. Analizowane obrazy szczurzych serc otrzymywane
sa za pomoca jadrowego rezonansu magnetycznego (MRI), co pozwala na prowadzenie badan
in vivo. Wyznaczenie prawej komory serca oraz opisujacych ja danych liczbowych ma
umozliwi¢ analiz¢ zmian zachodzacych w sercu pod wptywem nadci$nienia ptucnego i pomdc
specjalistom w wyznaczeniu charakterystyki nadci$nienia ptucnego.

Stowa kluczowe: analiza obrazu, jadrowy rezonans magnetyczny, detekcja obiektow, nadci-
Snienie plucne
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1. Introduction

This paper presents the usage of image analysis methods for solving the problem of the
right ventricle detection in the rat's hearts. Monocrotaline (MCT) is administered to rats to
cause pulmonary hypertension. It was observed that in this disease is subject to change
right ventricle. Changes in vascular lung function and abnormal biochemical parameters are
preceded by the appearance of morphometric symptoms. This is overgrowth of right
ventricle. Since the heart weight measurements are possible only after excision, it is
reasonable to automatic detection of right ventricle on MRI images of hearts, in order to
assess these changes. MRI gives the opportunity for measuring in vivo. Measurements of
area helps to accurately describe changes in the heart at an appropriate time after
administration of MCT.

The disease causes changes in pulmonary arteries, the excess muscles of membrane,
shrinkage, endothelial damage, changes in vascular reactivity (systole/diastole). It cause to
increase in resistance of pulmonary vessels. Such conditions force the right ventricle to
intensified labour. This causes the overgrowth heart muscle in the right ventricle area and
consequently the development of right ventricular failure. Therefore, the analysis of cardiac
images is important in a research into pulmonary insufficiency.

2. Methodology

Images which have been analyzed were created by experimental magnetic tomography.
The Magnetic Resonance Imaging is generally used in medical diagnostic because it is not-
intrusive procedure. The aim of this method is to receive high quality images of body
interior. This method is very good for imaging the blood, because differences in the
intensity of signals, which emits blood vessels and walls, allow good visibility jam heart
and heart muscle.

The aim of the research is to estimate changes of right ventricle area caused by
pulmonary hypertension. The goal of performed MRI image analysis is the detection of
right ventricle and getting data in the form of the ventricle area on each image. Elaborated
algorithm analyzes these images and gets the data from which specialists can investigate
a pulmonary hypertension. This algorithm is a new approach to problem solution, it also
includes known techniques of image analysis.

Fig. 1. Examples of input images

Rys. 1. Przyktady obrazéw do analizy
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3. Discussion about algorithm and results of detection

The images are first subjected to filtration, in order to improve quality and remove
noise, and then converted to a binary form. This operation converts a gray image into
a binary image. It is a very popular image analysis tool. The aim of binarization is radical
reduction the amount of information contained in the image. The proposed algorithm
implements automatic binarization procedure, which uses a method proposed by Kapur,
Sahoo and Wong. Further operations are realized on binary images.

The next step is segmentation, that is extraction of objects from the image. On some
images (Fig. 2) right and left ventricle are very close to each other and detected as one
object, therefore, elaborated algorithm divides the connected objects (Fig. 3).

Fig. 2. Examples of images with connected ventricles

Rys. 2. Przyktad obrazu, na ktérym prawa i lewa komora serca stykaja si¢ ze soba
(sa polaczone i pdzniej wykrywane jako jeden obiekt)

Fig. 3. Separation of connected objects

Rys. 3. Rozdzielenie potaczonych obiektow

After that the analysis is performed, which consists of eliminating objects, which are not
a right ventricle. Used for selection are the anatomical features of the ventricle as the
elongation, concavity, position relative to left ventricle, and the properties resulting from
the method of obtaining images, which allow to the exclusion of objects that is on the edge
of the image.

Analysis results are binary images (Fig. 6) and files with numerical data. Numerical
data about ventricles areas are write to spreadsheet files.

The devised method is universal and gives correct results irrespective of images quality.
It is not susceptible quality, sharp, brightness and contrast of image. The program is
sensitive to forced changes of heart action.
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Fig. 4. Exemplary stages of analysis

Rys. 4. Przykladowe etapy analizy
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Fig. 5. The graph illustrating ventricle area of images from one seria

Rys. 5. Wykres przedstawiajacy powierzchni¢ komory dla obrazéw jednej serii

Graph (Fig. 5) presents a graphical interpretation of numerical results obtained for
chosen series of measurements. The graph shows the heart work. This chart present both
changes on the left and right ventricle in cardiac cycle. Those changes can be interpreted by
specialists, who conduct their research for pulmonary insufficiency. Apart from numerical
data, analysis of gives binary images of right ventricle (Fig. 6). Based on these results,
numerical results are obtained. Besides the program gives the images after visualization
(Fig. 7) That is initial images with right ventricle boundary. This allows to easily assess the
effectiveness of detection. It lets to rate analysis precision, because after visualization on
images it can see right ventricle contour. Algorithm is highly efficient, but if there are any
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inaccuracies, then it gives the ability to manual edit binary results. The program allows to
manual modification of the detected area.

Ak

Fig. 6. Examples of binary images

Rys. 6. Binarne wyniki analizy

Fig. 7. Examples of images after visualization

Rys. 7. Przyktady obrazéw po wizualizacji
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