Nanyang Technological University

[image: image1.wmf]
Msc Biomedical Engineering

Term Paper 2002

Name        : V.Chandramohan

Matric No : G0100370A

Subject      :  M 6528

Term Paper 2002 

My best view of a Topic in Medical Image Reconstruction and Visualization

Topic Analysis of left ventricular wall motion based on volumetric deformable models and MRI-SPAMM. 

Jina Park, Dimitri Metaxas and Leon Axel

Abstract 

  This report presents a new approach for the analysis of the left ventricular shape and motion based on the development of a new class of volumetric deformable models. Unlike existing methods, this approach enables the user to characterize the 3D shape and motion of the LV both locally and globally, in a clinically useful way. 

 This paper has contents that can be identified with the MRI and Visualization Algorithms lectures taught in this course.

1 Introduction 

    It is very important to be able to estimate the volumetric shape, motion and deformations of the left ventricle (LV) accurately, and in a clinically useful way, 

Old Methods

  There are many limitations to the conventional methods used in cardiac imaging, e.g. MRI. These limitations include, no explicit data correspondence between frames, insufficient resolution of the extracted data and the parameters used by most of the existing models for the analysis of the LV shape and motion are either too complex or too few to be used by a physician.

New Methods

  Lately there has been a development of a new magnetic resonance imaging(MRI) technique based on magnetic tagging (MRI-SPAMM , spatial modulation of magnetization) at the University of Pennsylvania for imaging of regional heart wall 

motion. This fast, non-invasive technique is very useful in the analysis of heart wall motion because it provides temporal correspondence of material points within the heart wall. This correspondence, in conjunction with the use of 3 dimensional location of each tagged datum, can subsequently be used as the input to a motion analysis technique to extract the 3 dimensional left ventricular motion parameters. These motion parameters can then be analyzed to determine their relationship with the various types of LV disease.

Needs 

  Although there is some initial experience in the use of tagged MRI and related techniques to study the 3D motion of the heart, there is still no generally accepted method for analysis and display of the 3D-heart motion.

  Authors’ New Development 

In this paper, the author presents a new approach to overcome the limited usefulness of existing models for analyzing the LV. They extend the previously developed class of deformable surface models to develop a new class of volumetric deformable models that can analyze the volumetric motion of the LV in a clinically useful way. 

They also developed a new set of visualization tools, which include parameter graphs, a 3D representation of the LV shape and motion and a color based mapping technique. 

Using the above new model, they were able to quantitatively verify and visualize in 3D the knowledge about the LV that was known qualitatively.

2 Description 

2.1 Elaboration of New Method

At present most of the existing models for analyzing the LV have limited clinical usefulness as their models result in a large number of model parameters which must be non-trivially postprocessed to provide meaningful geometric information on the nature of the deformation.

The authors have developed a new class of deformable 3D surface models whose deformations can be described with a small number of intuitive parameters that are functions. These parameter functions comprise an intelligent grouping into a small number of sets, of the many local parameters that are necessary to analyze the LV mid wall. These parameters capture the radial and longitudinal contraction, the axial twisting, and the long axis deformation. (See fig 1& 2). This method allows us to analyze the shape and motion of the LV, both locally and globally.  The above class of deformable surface models is further extended to develop a new class of volumetric deformable solids that can analyze the volumetric motion of the LV in a more clinically useful way. They have also developed a new quantitative algorithm (using Lagrangian dynamics and finite element theory) for the calculation of forces exerted from MRI-SPAMM data for the deformable model. The combination of forces from the boundary and SPAMM datapoints allows the extraction of the volumetric shape and motion of the LV. 
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           Fig 1 : longitudinal contraction                                      Fig 2 :  Axial Twisting 

2.2 Related Information

No
Author
Year
Article
Some Description
How does it relate to your main article.

1
Young A.A and Axel L
1992
Three dimensional motion and deformation of the heart wall. 
Development of a finite element based method for reconstructing the 3D-heart motion.
The aim is to also model the heart motion in 3 dimensional motion.








2
Park,J., Metaxas and Young A
1994
Deformable Models with Parameter Functions : Application to heart wall mounting 
Development of a new class of 3D surface models 
This method is further improved in the current article








3
Park,J., Metaxas and Young A
1994
Volumetric Deformable Models with Parameter Functions : 
Development of a new class of 3D Volumetric models 
This method is further improved and used in the current article








2.3 Data extraction Techniques

To understand cardiac mechanics and the processes underlying a disease, characterization of the heart wall motion on a regional level is required.

In the past radio opaque markers, lead beads or ultrasonic crystals were implanted to provide intra-myocardial markers for the purpose of locating and tracking a number of material points in the heart. However this invasive method had a limitation on the number of markers being implanted for describing the LV motion.

To overcome this problem, a non-invasive method, which utilizes naturally occurring landmarks, was used. This method usually required intra-coronary injection of a contrast medium to highlight the blood vessels in acquired images. However when the blood supply is severely blocked, the tracing of the feature points around the region can be very difficult to achieve.

Magnetic Resonance tagging has its advantages over those mentioned above because a large number of materials points can be marked and tracked during systole in a non-invasive manner. This is done by locally perturbing the magnetization in tissue, to create spatially encoded patterns.

The technique used in this paper is called MRI-SPAMM. This method allows a number of data points to be marked in a very short time with a simple procedure.

A new class of deformable solids was also developed to allow the use of global parameters that can characterize a volumetric shape in terms of a small number of parameters that are functions. They have also developed a new quantitative algorithm (using Lagrangian dynamics and finite element theory) for the calculation of forces exerted from MRI-SPAMM data for the deformable model.

2.4 Assumptions

1) In the model dynamics, in order to avoid undesired smoothness in the solution caused by the incorporation of incorrect elasticity in the model, a zero stiffness matrix was assumed so that there is no resistance to deformation. 

3.0 Verification

This paper presents experiments in which magnetic tagging ( MRI-SPAMM) was used to acquire datapoints from the LV. E.g. for normal and abnormal LVs with hypertropic cardiomyopathy. By applying the method discussed to the datapoints obtained, they were able to characterize the 3D shape and motion of the LV both locally and globally, in a clinically useful way.

 A video presentation of the estimation of the LV shape and motion form MRI-SPAMM is also shown.

The experiments and results provided are of true life situation/patients and are therfore very convincing .

4.0 Conclusion 

I have found this paper to be a very informative and interesting read. I have learned about a new class of physics based volumetric deformable modeling to analyze LV shape and motion. I have also learned how to incorporate force constraints from MRI-SPAMM data into these deformable model, thus estimating the complex volumetric shape and motion of the LV to compare the epicardial and endorcardial wall motions.

I feel that this break through will enable better and faster evaluation of Heart diseases.

 5.0 Further Improvements

1) Carry out more experiments to determine the difference in normal and abnormal heart conditions.

2) Further refine by identifying each/most heart disease with a specific LV motion.
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