Unsupervised and Reproducible Image-based Identification of Cardiac Phases in Cine SSFP MRI

S. A. Tsaftaris'? X. Zhou’, R. Tang’, and R. Dharmakumar®
"Electrical Engineering and Computer Science, Northwestern University, Evanston, IL, United States, 2Radiology, Northwestern University, Chicago, IL, United States

Introduction: A critical component in computing quantitative diagnostic metrics, such as ejection fraction, as well as, image segmentation and registra-
tion is the accurate identification of the end-systolic (ES) and end-diastolic (ED) frames in cardiac cine MRI. Reliable identification of ES is also important
in cardiac phase-resolved myocardial blood-oxygen-level-dependent (BOLD) MRI studies (1). An assessment of changes in myocardial oxygenation
requires BOLD images to be collected at rest and stress, which is typically induced with intravenous infusion of adenosine. ES images at both states are
compared to assess the presence of coronary artery stenosis. To increase reproducibility and eliminate variability it is desirable to automate this proce-
dure. Most automated methods relying on trigger times do not account for anatomical correspondence, while methods based on identifying the minimum
and maximum of the blood pool area in the Left Ventricle (LV) chamber, are computationally intensive, susceptible to noise, and require prior localization
and segmentation of the LV. The purpose of this work is to develop automated methods to facilitate in the robust and reproducible evaluation of cardiac
cine MRI studies.
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Discussion & Conclusions: A fully automated method for reliable and reproducible identification of key cardiac states (ES, ED) was presented. Expert
readers deviated up to two images (limits-of-agreement > 2) in their choice of ES and ED images (Fig. 1). This variability demonstrates the need for
reproducible, unbiased, and automated methods in identifying ES and ED images in cine stacks. Our analysis illustrates that all algorithms performed
within (or even lower than) the observers variability (limits-of-agreement < 2) and that there were no statistical differences in error measurements when
noise was added. According to our findings, pre-selection of an ROl does not offer any statistical advantage and is thus not necessary, which further
simplifies the deployment of the proposed method. Segmentation of the myocardium in cine images based on pixel intensity may be challenging, most
likely due to (i) the motion of blood within the cardiac chambers that increases the variability of the signal intensities within the blood pool, (ii) the pres-
ence of papillary muscles, and (iii) by the intensity variation of the myocardium, especially in the presence of stenosis, which forms the basis of myocar-
dial BOLD. The proposed statistical identification method is robust against the above issues. On the other hand, SRGM, a segmentation-based method,
underperforms due to these issues in some cases. As illustrated by the larger LAs and a positive bias, a potential limitation of our approach may be in
the accurate identification of ED when the cardiac motion is significantly abnormal (due to underlying cardiac conditions) or the number of images is
large; however, if the relevant locations of the images within the cardiac cycle (trigger-times) are added as another constraint the accuracy is expected to
increase. The proposed method reliably identifies the cardiac phases, in an efficient manner, without the need for any parameterization and segmenta-
tion; therefore, making it ideal for on-line scanner implementations and integration into popular medical image analysis software.
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