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Introduction
Measurement of mitral valve annular motion is important in the study of systolic and diastolic cardiac function, and provides a valuable parameter for the assessment of myocardial contractility. Cardiac MRI is well-known as a non-invasive method for the assessment of ventricular function. It provides an abundant source of detailed, quantitative data for the evaluation of the structure and function of the heart, valves and major vessels. Mitral valve annular measurements are still however generally performed by echocardiography.

Purpose
The purpose of this paper is to present an automatic method for the tracking of mitral valve annular motion from long axis Steady-State Free Precession (SSFP) cines. The results are validated in long axis cines in 36 cases by measuring the distance errors between the automated tracked motion and manual results from trained observers.

Methods
Technical
A new non-rigid image registration algorithm was developed to quantify the deformation (displacement and strain) between a reference frame (I0) and current frame (I
                    t
                  ), from a SSFP cine. A mathematical model was constructed to define the mapping of material points between the two frames, so that it could be used to map the current image I
                    t
                  back to the reference image I0. If the reference image coordinates are X and the current image coordinates x, then x = B(X) represents the mathematical model, and the mapping process is represented by: I0(X) = I
                    t
                  (B(X)). An energy function E = ∫(I0(X, Y) - I
                    t
                  (B(X, Y)))2 + S(X, Y) was used as objective function to measure the similarity between the original reference image and current image which has been 'warped' to the reference image. It includes a smoothing term (S) to penalize and control model deformation. The Levenberg-Marquardt algorithm was used to optimize the non-linear least squares problem to determine the optimal B(X). Motion was tracked between adjacent frames, and accumulation of the tracked deformation was used to provide an estimate of the motion of all points in the images during the entire cardiac cycle. If Bab represents the tracked deformation from frame a to frame b, then the accumulated motion from frame 0 to frame t in cardiac cycle is: Bt-1tBt-2t-1...B12B01(X, Y).

Validation
Points were manually placed on the insertion of the mitral valve leaflets with the Left ventricular/Left atrial intersection at end-diastole and these were then automatically tracked through the cardiac cycle. The positions of the automatic points were then compared with those placed by trained observers and the distance error calculated (mm), calculation of annular velocity is straightforward.


Results
See Figures 1 and 2.[image: A12968_2008_Article_281_Fig1_HTML.jpg]
Figure 1Distance between automatically tracked and manually defined (gold standard) position of the mitral valve annulus.
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Figure 2Tracking of end-diastolic points from end-diastole (where they were manually defined) to frames 1 to 5 (second row), compared with manually tracked positions (first row).





Discussion and conclusion
We have demonstrated a generalized automatic method for tracking mitral valve motion from CMR cines. This method can also be extended to track other cardiac structures such as papillary muscles, epicardial and endocardial contours.
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