Methodology for rapid Cardiac Axis generation from non gated cardiac MR images
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Introduction: Cardiac Magnetic Resonance Imaging (MRI) is an excellent tool in analysis of left ventricular (LV) functioning[3]. Short axis cardiac MR images are most
suitable to study the LV function [4], but preparation for generating these images is time consuming and requires sound understanding of the cardiac anatomy. Accurate and
reproducible determination of short axis to study the LV function over time is challenging and time consuming for medical technician and radiologists alike. Prior effort [1]
by Lelieveldt et al has involved using digital atlas matching of thorax to localizer images, which resulted in generating the location and the axis of the left ventricle. An
average variation of 9.7 degrees has been reported. Jackson et al [2] have acquired the localizer images using a mean short axis orientation followed by blood pool
segmentation and generate the short axis. The second study has reported a variation of 12 degrees from ground truth (GT) on breath held localizer scans. We have worked on
5 clinical datasets (non-gated axial fiesta localizer) from NNMC (National Navy Medical College) Bethesda, scanned on the GE 1.5 Signa Excite scanner. We have used an
anatomy guided approach intermixed with imaging techniques to locate the 3D orientation (azimuth and elevation angle) of the left ventricle and thereby generating the
cardiac axis. The mean deviation from the prescribed short-axis at the clinical site (ground truth) using our approach was 5.6 degrees.

Methods: Acquisition: MR - Five patients were scanned on a 1.5T Signa Excite MRI scanner (GE Healthcare, Waukesha, WI) under IRB approved protocols after obtaining
informed consent. Non gated FIESTA Images: TR: 3.033ms; TE: 1.308ms; Spacing between slices: 8mm, Bandwidth: 125Khz, Matrix: 256 x 256, NEX: 1,FoV: 35x35 cm.
Processing: The core challenges in locating the left ventricle were: 1) Datasets being free breathing, there was no consistensy in the shape of left ventricle images across the
slices due to motion 2) Number of slices with left ventricle images were few as the spacing between slices was 8mm; 3) Low resolution images. In order to overcome these
broad challenges, the approach begins with applying advanced imaging operations followed by anatomically driven hueristics to generate the approximate elliptical axis of
the left ventricle per 2D slice. Average azimuthal orientation of the left ventricle is generated from the axis in the previous step. Azimuthal angle is used to generate the mid
ventricular long axis view(MVLAYV) of the axial volume mimicing and facilitating the routine clinical process. From this volume, we interpret the elevation angle of the left
ventricle using image processing methods along wth the anatomical priors. The short axis is generated using the azimuthal and elevation angle by standard transformations of
spherical coordinate system. Figure 1 below shows the basic methodology of short axis generation. Figure 2 shows the pipeline for elevation angle determination and Figure 3
shows the pipeline for azimuth angle determination.
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Figure 1: Basic Approach for Left
ventricle axis determination (X, Y, Z)
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results are expected shortly. Average time taken per dataset is 120 seconds approximately.
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