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Abstract

New technologies in the CT and MRI have produced large volume data set which leads to a tedious and time consuming task for the physicians to make sensible decisions.  Advanced techniques for the evaluation of the huge data are required.  This paper presents the modeling and visualization techniques that are used in the “Cardiac Station”.
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1.
Introduction

The common method in Medical Imaging for visualizing an organ or a structure is to perform either surface or volume renderings of segmented image data represented as voxels [1]. Volume data is becoming increasingly important in the scientific and medical field because of the use of MRI, CT and Ultrasound. New technology advancement in software and hardware has provided extremely precise views of individual layers of organs and other parts of the body. With the help of computers, new imaging processes deliver a veritable flood of pictures – data packages which support diagnosis and help doctors to plan the appropriate treatment. As volume data is usually very large and difficult to handle, it is necessary to analyze it in an efficient way.  It is therefore important to think of easier and more natural ways to interact with volume data.

It is not surprising that this is also true for cardiac imaging. The most common practice for viewing the motion of a heart in its cycle is to display a series of 2D slices in a cine mode. Doctors then reconstruct the large number of images mentally. To help medical doctors in their interpretation of the images, many efforts have been made in medical image processing to visualize and analyze the motion of the heart, especially the left ventricle (LV). The motion of the LV is one of the most important indicators of cardiac diseases. Surface and volume rendering techniques have been utilized in an attempt to view the 3-D motion of a pumping heart.

2. Exposition

A new system was developed at the Computer Graphics Center (ZGDV), the Fraunhofer Institute for Computer Graphics both at Darmstadt, Germany, in cooperation with the Ewha Womans University in Seoul, Korea. The system is known as the “Cardiac Station”.

We know that typical images are static and only show a single, extremely thin layer of the heart. However, the newly developed “Cardiac Station” converts 2D cross-sections of the heart into a dynamic, 3D model. With the help of the Cardiac Station, doctors can now observe the ventricles of the heart and the movements of their walls, and thus acquire a full picture of the patient’s condition. It represents an extremely useful tool in cardiology, the diagnosis and analysis of heart diseases.

Advanced medical imaging technology (e.g. CT, MRI, US) allows the acquisition of high resolved 3D images over time (4D images) of the beating heart. However, medical diagnosis is not efficient in considering time required if the cardiologist has to consider each individual of the original tomographic or ultrasonic slices during evaluation. 4D visualization and computer supported precise measurement of medical indicators (ventricle volume, ejection fraction, wall motion etc) have the high potential to greatly simplify understanding of the morphology and dynamics of heart cavities, simultaneously reducing the possibility of a false diagnosis. 4D visualization provides all information conveniently in single, interactively rotating animated views.

2.1 Detail

Techniques used:

The Cardiac Station is able to read dicom file format, which is widely used in most medical equipment. The images then piled up to volume blocks. The slices are segmented to define the regions of interest during visualization.  The resulting stack of contours then integrated into a 3D model by triangulation.  The heart movement is then tracked over by using the finite element tracking methods, which results in a dynamic model. 

Segmentation techniques:
 Automatic segmentation 

and Semi-Automatic Segmentation

As we know, image segmentation is needed in medical image analysis in applications that range from computer-aided diagnosis to computer-guided surgery. It often includes part of the analysis because it may focus on extracting a specific object from the background or categorizing each object in a 2D or 3D scene. In such cases the process is guided by a prior knowledge with information on the expected appearance of the structures that shall be segmented. A wide variety of segmentation methods based on different models have been developed. Knowledge may be very general such as the homogeneity criterion of a region-based segmentation scheme [2] or rather specific to certain structures such as in an atlas-based anatomy recognition scheme [3].

Segmentation may require manual outlining of structures of interest on every single slice. As mentioned in this article, a simple contouring tool is provided for the users to draw, copy and paste the contours from slice to slice. In the “Cardiac Station”, active contour model is used to reduce the user interaction. 

Automatic segmentation methods are the most preferable as discussed in the article. This is because the use of this method can save the cardiologist’s time. As automatic segmentation methods are based on the model knowledge, it may generate large errors if the model knowledge is not representative.

To improve the usability of automatic segmentation methods clinically, semi-automatic segmentation methods are recommended. It needs some input from a supervisor. 

Modeling techniques
· Surface rendering

This is a fast method, but the rendered images may lack detailed information. It is therefore suitable for previewing only. 3D surface models and associated computer vision has been developed to capture the shape and motion of the inner or outer walls of an LV from medical image data. These models are constructed with finite element meshes derived from polyhedron surface reconstruction from a stack of cross sections [4, 5]; and

· Direct volume rendering

It can produce more accurate images, however, its performance is limited and therefore limits the degree of interactivity. In this technique, the user interacts to extract the structures that he or she is interested in. It uses the discrete voxel space to generate directly 2D images from the 3D data.

 In this technique, the software based volume renderer are not efficient enough to produce 2D projections in real-time. This limitation was solved by developed a 3D texture based volume renderer which cuts and blends slices through the volume block in real time using graphics hardware.

The diagram on the next page shows the “Cardiac Station”. It converts 2D cross-sections of the heart into a dynamic, 3D model. The dynamic movements of the ventricle walls are visible on the computer screen.
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Figure 2: Processing Pipeline of the Cardiac Station




Related research work:

	Author(s)
	Year
	Article
	Description
	How does it relate to the main article



	Soo-Mi Choi and Myoung-Hee Kim
	2000
	Motion visualization

of human left

ventricle with a

time-varying deformable model

for cardiac

diagnosis
	It describes a time-varying deformable model for visualization. It also analyzes the motion of the left ventricle from a time series of 3D images. 

From the described model, useful clinical quantitative parameters such as wall motion and ejection fraction can be estimated.


	The research provides the cardiologists the useful information to diagnose heart problem by visualizing and analyzing the motion of the heart and the left ventricle.

	Ivana Mikic, Slawomir Krucinski and 

James D.

Thomas
	1998
	Segmentation and

Tracking in

Echocardiographic Sequences: 

Active Contours

Guided by Optical

Flow Estimates [7]
	This paper describes a method for segmentation and tracking of cardiac structures in ultrasound image sequences. The developed algorithm is based on the active contour framework. The algorithm was tested on several ultrasound image sequences. 


	This is another research on heart mechanics and function. This article is based on an active contour framework


Image modalities: CT and ultra sound

Imaging equipment: Standard PC based technology. It reads DICOM-3 image files.

Comments presented in the paper

The high-speed imaging technologies enable the acquisition of a multi-slice data set, which includes the cardiac chambers, within a few minutes. However, the process of manual outlining is slow and tedious. Furthermore, outlines are subjective and vary between different observers. The contouring features may be improved by providing the users the auto-contouring function. The auto-contour generates the contours based on densities of the structures (or the CT values which is related to the density of the structures) in the images. In the auto-contouring function, options should be provided to the users on:

· Auto-contour a single contour on a single slice: to generate a single contour on a single slice automatically;

· Auto-contour multiple contours on a single slice: to generate contours automatically for all structures on a given slice that have densities within the specified density range;

· Auto-contour multiple contours on multiple slices: to auto-contour a single structure on all slices on which the structure appears. This can be achieved by using the specified auto-contouring thresholds to generate a contour on the current slice automatically and then generates a contour on adjoining slices for any structure that is connected to the contour on the previous slice and has a density within the specified density range.

In the term paper, the writer commented that the displayed 3D object could be rotated. One way of analyzing an object in the real world is by grabbing it, rotating it and taking a closer look to get more details about particular areas of interest. The rotation feature is very useful to the cardiologists because it provides a better view on the structures. If the medical doctor changes his point of view, the scene is automatically updated and a new image is generated in accordance to the new perspective. It is also useful if the software can provide options to the users on hiding some of the structures and making some of the structures transparent. 

The accuracy of the model and the speed of rendering will also affect the decision of the cardiologists. The colour in which the cardiac walls are displayed depends on the rate at which the heart is beating. It is useful to the cardiologists if the software can control the opacity and colours of the volume. This optical aid facilitates diagnosis such as in the case of a heart attack, where parts of the cardiac muscle are no longer supplied with blood.

3. Conclusion and Future Work

Information technology will change the medical sector of this century in the same way as automation has changed the production section in the eighties and multimedia the office organization in the nineties. It is possible that more features (e.g. measurement of the thickness of the cardiac wall, zooming option, speed improvement) can be added in the “Cardiac Station” so as to benefit to the cardiologists and the patients. 

Although the software as mentioned in the paper is still undergoing tests, the “Cardiac Station” is certain to become an everyday feature of cardiological practice. It certainly provides a very good support to the surgeon in pre-operative planning. However, the cardiologists should note that different techniques have different calculation time and accuracy. It is therefore important for the cardiologists to understand the tradeoff before making any decisions. 

Future works in this area will focus on the extension of the technique to 3D and 4D active contours, as well as the introduction of new features such as organ tracking and the common development of visualization tools.
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